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NOTE
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This material is presented to provide the customer the status of the requirements and

analyses of commercial operations (RACO) and should be treated as preliminary

information. Refinement of the material will continue throughout the duration of the study.
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INTRODUCTION

The information in this requirements and analyses of commercial operations (RACO)

study data release reflects the current status of key study activities ongoing, under

Modification No. 21 to NASA/MSFC Contract NAS8-36122. This release has been

directed by the COR in support of the commercially developed space facility activity.

This document contains information that has been collected and developed to assess

the utility of intcnmdiate commercial carders to pave the way to Space Station in satisfying

the flight requirements of the commercial program. The following sections arc included:

1. Exoeriment Descrivtions. This section contains descriptions of the 65 identified
ext/erimental facilities utilized in the study.

o Exoerimental Facility Data. This section contains hard-copy reports of the
R:BASE TM electronic data base being used in the study, synopses of the
experimental facilities, and summary data on the facilities.

t System Reouirements. This section provides a discussion of video and data

compression techniques as well as mission timeline analyses.
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1. EXPERIMENT DESCRIPTIONS

This section contains descriptions of the experiment facility/payloads used in this

study. The payloads were selected based on the following criteria.

1. They are material processing in space (MPS) type experiments.

2. They are existing, being developed (under construction), or being defined (Phase
A or B definition).

3. They are commercial, academic, NASA, or other Spacelab/Shuttle payloads.

From this, 65 payloads were selected. These payloads are the representative set of

experiments from which the commercial carriers have been analyzed. This analysis

determines the interface, system level, and logistic requirements for various commercial

endeavors.



GeneralInformationof RACOStudy

Date:03/Ol/88 ExperimentalFacilities Page:I-1

Facility/HardwareName:ACOUSTICCONTAINERLESSEXPERIMENTSYS. Abbr:ACES NASACode:EN NASACenter:JPL

DevelopmentStatus:D Sponsor:NASASPONDORED.PI's

k : UnderStudy

B : InDefinition

C : BeingFabricated

D : ExistingHardware

.......................................................................... ° ........................................................

Purpose:FLIGHTFACILITYTHATWILLMELTAND ACOUSTICALLYOSCILLATEA SINGLESAMPLEOFGLASS,CERAMIC,ORMETAL.FACILITYUSESA
RESISTANCEHEATEDINCONELCHAMBERFURNACE.

Abstract:THEFURNACEISAN INSULATEDRESISTANCEHEATEDINCONELCHAMBEROF6.3 BY 6.3 BY 7.0 cm INTERNALDIMENSIONS.THE ENERGY

OF THREEAXOUSTICDIRIVERSENTERSTHECHAMBERTHROUGHTHREEORTHOGONALPORTSAND FORMSRESONANTSTANDINGWAVESWITHIN
THECHAMBERTO RESTRAINSAMPLEEXCURSIONSFROMTHEEFFECTSOF EXTERNALPERTURBATIONS.RESONANTFREQUENCYISTRACKED

THROUGH THECHAMBERTEMPERATURECHANGESAND ADJUSTEDTO MAINTAINRESONANCEAND SAMPLELOCATIONCONTROL.ROTATIONAND

OSCILLATIONOF THE.SAMPLECANBE PROGRAMMEDINTOTHEEXPERIMENT.THEEXPERIMENTISMONITOREDBY THERMALSENSORSANDA

VIDEORECORDINGSYSTEMDURINGTHE 120MINUTEDURATIONWHICHPROVIDESABOUT15MINUTESAT THE PRESENTLIMITATIONSOF620
C.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 900.OOO(Max)to 2O.O00O(Min)witha MaximumTemperatureDeltaof

MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)'from-O- (Max)to -0- (Min)

880.O00(degC)

SampleData:

Typesof Materialstobe Processed:GLASS,CERAMIC,METAL
MaximumNumberofSampleProcessed: i

MaximumSampleDimensions(cm):-0- Heightx-u- WidthX-O- Length(note:ifheight: widththenisDia.)

PressureData:

OperationalPressures(Arm)from-0- (Max)to -0- (Min)

ORIGINAL PAGE IS

OF, POOR QUALITY
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Date:03/Ol/88 ExperimentalFacilities Page:l-2

Facility/HardwareName:AcousticLevitationFurnace kbbr:kLF NASACode:na NASACenter:ha

DevelopmentStatus:D Sponsor:JapaneseSpaceAgency

A = UnderStudy

B : InDefinition

C : BeingFabricated

D = ExistingHardware

Purpose:TheALF holdsa sphericalsampleat the ellipticalmirrorfocusby acousticlevitation.Thepurposeof theALF isto

explorethe feasibilityofpreparingsuperiorglassmaterials.

Abstract:Thespaceenvironmentis uniquein providingmicrogravityand capabilityof containerJessprocessing.TheALF provides

thecontrolequipmentand levitatorwhichhas thecapabilitytoholda sphericalsampleat theellipticalmirrorfocusby
acousticlevitation.The levitationprocessisfullyautomated.Levitationcontro!isperformedin threetransition

states;levitationmode,heatinglevitationandcoolingmode.The purposeof the experimentis toexplorethe feasibility

of preparingglassesexhibitingsuperiortransmittanceinnon-visible,particular|yinfraredregion.The containerless

meltingeliminatesextraneouscontaminationbycruciblewallmaterials.Glassesof theCaO-Ga203-Ge02systemare selected

by examiningthemeltingtemperature,devitrification,infraredtransmission.Theproductis a beadabout7mm in dia.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 1400.O0(Hax)to 25.O000(Nin)witha NaximumTemperatureDeltaof-O-

HaximumCoolingRate(watts):-O-
Translationrates(if applicablein mm/hr)from-O- (Max)to-0- (Hin)

(degC)

SampleData:

TypesofNaterialsto be Processed:Calcium,Gallium,andGermaniumOxides

HaximumNumberof SampleProcessed: I

HaximumSampleDimensions(cm): 0.I0000HeightX 0.I0000WidthX 0.I0000Length(note:ifheight: widththenis Dia.)

PressureData:

OperationalPressures(Atm)from 0.88800(Hax)to .IO00E-5(Nin)

OR/GLNAL PAGE IS

O_ POOR QUALI_
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Date:03/01/88 Experimental Facilities Page:l- 3

Facility/HardwareName:Ad.AutomatedDirectionalSolidificationAbUr:AADSF NASACode:IC/EN NASACenter:NSFC

DevelopmentStatus:C Sponsor:NASASponsoredPI'sCodeE and I

A : UnderStudy
B : In Definition

C : BeingFabricated

D : ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:Modular,multizoneBridgmanfurnacetogrowsinglecrystalsofcompoundoralloy-typesemiconductorsby directional
solidificationof the composites.

...................................................................................................................................

Abstract:TheAADSF,a sophisticateddirectionsolidificationfurnacewitha controlledgrdientregionbetweenitshot zoneand

coldzone,willbe usedas a primaryfacilityforprocessinga widevarityof commercialmaterialsincludingelectronic

and magneticmaterials,metals,and alloy.The AADSFisa reconfigurable,modularfurnacethatcanbe customizedfor
particularexperiments;itis the forerunnerofa set of furnacesbeingdevelopedforthe SpaceStation.InveStigators

can use theAADSFto examinegravitationallimitationson meltgrowthofalloysandeffectsof density/gradient-driven

convectionon crystalhomogenityand defectdensity.A betterunderstandingof thesephenomenaisnecessaryto improve

processingon Earthand todevelopmorecomplexspaceprocessingfacilitiesfortheSpaceStation.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from I600.OO(Nax)to 200.O00(Nin)witha MaximumTemperatureDeltaof

MaximumCoolingRate(watts): 800.000

Translationrates(ifapplicablein mm/hr)from50.O000(Max)to 0.50000(Min)

9OO.8OO(degC)

SampleData:
Typesof Naterialsto be Processed:GaAs,HgCdTe,Silicon,orothersemiconduct

MaximumNumberof SampleProcessed: 4

MaximumSampleDimensions(cm): 2.00000HeightX 2.00000WidthX 25.0000Length(note:if height: widththenis Dia.)

PressureData:

OperationalPressures(Atm)from l.lOOOO(Nax)to .1300E-6(flin)

ORIGINAL PAGI_' 1_

O.P ,"OC:R QU._dXI_]
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Date:03/Ol/88 ExperimentalFacilities Page:I-4

Facility/HardwareName:AUTOMATEDDIRECTIONALSOLIDIFICATION NASACenter:MSFCAbbr:ADSF NASACode:EN

Sponsor:NASADevelopmentStatus:D

A : UnderStudy
B : InDefinition

C : BeingFabricated

D : ExistingHardware

Purpose:TOINVESTIGATECONVECTIONANDCONVECTION/DIFFUSIONTRANSPORTBY PROVIDINGDIRECTIONALSOLIDIFICATIONOFEUTECTIC,OFF

EUTECTIC,AND PERITECTICCOMPOSITES.
...................................................................................................................................

Abstract:FOURSEPARATEFURNACEHEATINGUNITSARE PRESENT,CONSISTINGOF AN INDIVIDUALHEATERMODULEAND COPPERQUENCHBLOCK. EACH

HEATINGUNITIS TRANSLATEDALONGTHE AXISOF THE SMAPLEDURINGTHEMELTPROCESS.COOLINGISACCOMPLISHEDAS THE WATER

COOLEDCOPPERQUENCHBLOCKISTRANSLATEDALONGTHE SANPLEAXIS. THEDRIVESYSTEMISVARIABLESPEEDWITHMICROPROCESSOR

CONTROLOFTHE TRANSLATIONSPEEDAND ANY REQUIREDRATECHANGE.ATNOSHPHERICANDENVIRONMENTALCONTROLARE MAINTAINEDBY

THE SEALEDFURNACEENCLOSURE.THEPROCESSALLOWSINVESTIGATIONINTOTHEANISOTROPICPROPERTIESOF METALSANDTHE UNUSUAL

ELECTRICAL,MAGNETIC,ANDOPTICALPROPERTIESOF UNIQUEDIRECTIONALLYSOLIDIFIEDMOLECULARSTRUCTURES.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 1600.O0(Max)to-0- (Min)witha MaximumTemperatureDeltaof-O-
MaximumCoolingRate(watts): IS.O000

Translationrates(ifapplicablein mm/hr)fromSO0.O00(Max)to O.IO000(Min)

(deg C)

SampleData:

Typesof Materialsto be Processed:METALCOMPOSITES

MaximumNumberof SampleProcessed: 4

MaximumSampleDimensions(cm): 0.50000HeightX 0.50000WidthX 13.0000Length(note:if height: widththenis Dia.)

Pressure Data:
Operational Pressures (At|) from -0- (Max)to -0- (Min)
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Facility/Hardware Name:BUBBLEBEHAVIORUNIT Abbr:BBU NASACode:na NASACenter:na

DevelopmentStatus:D Sponsor:JAPANESESPACEAGENCY

A = UnderStudy

B : In Definition

C : Being,Fabricated

D : ExistingHardware

Purpose:THEBBU ISUSEDTO OBSERVETHE BUBBLENOTIONIN LIQUIDUNDERA TENPERATUREGRADIENTANDSTATIONARYACOUSTICNAVE.

.......................... _ ........................................................................................................

Abstract:A GROUNDBASEDTESTUNIT HASBEENDEVELOPED.THEBBUIS AT PRESENTIN THEDESIGNPHASEANDIS EXPECTEDTOFLYONSPACE
LAB-J IN 1988. The Bubble Behavior in microgravity is an investigation concerning the movementand interaction of air
bubbles and fluid drops in silicon oil undera temperaturegradient. Also the generation of vibration of air bubbles in
silicon o11 under acoustic waves will be observed. BBUcontains a cell mounting connector, a cell fixture device,

optical and lighting systemfor TV camera,bubble injectors, andsoundinsulation box.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from lO0.O00(Nax)to 22.0000(Nin)witha HaximumTemperatureDeltaof-O-

HaximumCoolingRate(watts): 310.000

Translationrates(ifapplicablein mm/hr)froml.O0000(Hax)to-0- (Hin)

(degC)

SampleData:

Typesof HaterJalsto be Processed:SILiCONOIL;AIR

MaximumNumberofSampleProcessed: 4

MaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:ifheight= widththenis Dia.)

Pressure Data:

OperationalPressures(Atm)from-0- (Hax)to l.O0000(Nin)
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Facility/HardwareName:CHEHICALVAPORTTRANSPORT NASACenter:HSFCAbbr:CVT NASACode-LC

Sponsor:BOEING

Abstract:EACHSELF-CONTAINEDFURNACEWILLBE ENCASEDINSTAINLESSSTEELANDHAVEA VIEWPORTWHEREA HICROSCOPE/CAHERACAN BE

INSTALLEDFOROBSERVATIONS.WHILETHE FURNACECORESREACHOPERATIONTEMPERATURESUP TO gO0DEGREESC, AN INVESTIGATOR

WILLBE ABLETOWATCHTHE CRYSTALNUCLEATIONANDGROWTHOF SIX SAMPLESSEALEDINFUSEDSILCIAANPOULES.THEOPERATORALSO
WILLBE ABLETO REHOTELYPOSITIONTHE AHPOULESIN THE INTERIORTNERHALFIELDOFTHE FURNACESTO OPTIHIZECRYSTALGROWTH.

A PROTOTYPEOF THISAPPARATUSISBEINGTESTED.

SummaryofCapabilities:

ThermalData:

Temperatures(degC) from llO0.O0(Hax)to 600.OOO(Hin)witha MaximumTemperatureDeltaof-O-
MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from-O- (Hax)to -0- (Nin_

(degC)

SampleData:

Typesof Materialsto be Processed:-O-

MaximumNumberofSampleProcessed: 2

MaximumSampleDimensions(cm): 2.00000HeightX 2.00000WidthX 8.00000Length(note:ifheight: widththenis Dia.)

Pressure Data:

OperationalPressures(ktm)from-0- (Max)to -0- (Hin)
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Date:03/Ol/88 ExperimentalFacilities Page:l- 7
...................................................................................................................................

Facility/Hardware Name:CONTINUOUSFLOWELECTROPHORESISSYSTEM Abbr:CFES NASACode:IC NASACenter:HSFC

DevelopmentStatus:D Sponsor:NASA
A : UnderStudy
B : In Definition

C : BeingFabricated
D : Existing Hardware

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Purpose:TOPERMITEXPLORATORYSEPARATIONOFBIOLOGICALMATERIALSWITHOUTTHEINFLUENCESOFTHERMALCONVECTIONCELLSIN THE

SEPARATIONCOLUMN.
...................................................................................................................................

Abstract:THECELLHANDLINGFACILITIESALLOWTHESEPARATIONOFLIVINGCELLSASWELLASNACROMOLECULES.A LARGECROSSSECTION
CHAMBERPERMITSA HIGHCONTINUOUSRATEOF FLOW,CONSEQUENTLYINCREASINGTHE POTENTIALPROCESSVOLUMEOF THESAMPLE

MATERIAL.SAMPLETEMPERATURECAN BEMAINTAINEDFOR SEVERALHOURS,PERMITTINGTHE RECOVERYOF LIVINGCELLS. THESAMPLE

IS INJECTEDINTOTHE ELECTROPHORESISCHAMBERAND CARRIEDINTOAN ELECTRICFIELDBY THE BUFFER.UNDERTHE INFLUENCEOF THE

FIELD,INMICROGRAVITY,THEVARIOUSSUBFRACTIONSOF THE SAMPLEARE DEFLECTEDACCORDINGTO THEIRRESPECTIVENOBILITIESAND
ENTERA CHANNELCOLLECTORAT THE ENDOF THE CHAMBER.IDEALLYEACHFRACTIONSEGREGATESINTOA DIFFERENTCHANNELWHEREIT

IS THENMOVEDTHROUGHTUBINGBY A PERISTALTICPUMPTO COLLECTIONBAGSINA THERMALLYCONTROLLEDCHAMBER.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 25.0000(Max)to lO.O000(Nin)witha NaximumTemperatureDeltaof-O-

MaximumCoolingRate (watts): 680.000

Translationrates(ifapplicableinmm/hr)from-O- (Max)to-0- (Min)

(degC)

SampleData:

TypesofMaterialsto be Processed:LIVINGCELLSAND MACRONOLECULES

MaximumNumberof SampleProcessed: I

MaximumSampleDimensions(cm): 20.0000HeightX IO.O000WidthX IO.O000Length(note:if height: widththenisDia.)

PressureData:

OperationalPressures(Atm)from l.O0000(Max)to l.O0000(Min)
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Date:03/Ol/88 ExperimentalFac£1ities Page:l-8

Facility/HardwareName:CONTINUOUSHEATINGFURNANCE kbbr:CHF NASACode:ha NASACenter:ha

DevelopmentStatus:A Sponsor:JAPANESESPACEAGENCY

A : Under Study
B : In Definition

C : BeingFabricated

D : ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:USEDTO PERFORMHIGHTEMPERATUREHEAT TREATMENTOF SOLIDS.DESIGNEDAS A VACU-UMFURNANCETO PROCESSSAMPLES
CONTINUOUSLY.HEATINGANDCOOLINGIS CONDUCTEDIN PARALLEL.

...................................................................................................................................

Abstract:THECHF CONSISTSOF TWOVACUUM-HEATINGCHAMBERSAND TWOHe-GASCOOLINGCHAMBERSTO SIMULTANEOUSLYPROCESSFOURSAMPLE

CARTRIDGESUNDERPROGRAMMEDTEMPERATUREPROFILES.TWO SAMPLESARE THUSHEATEDWHILETHE OTHERTWO ARECOOLED. CHF

SUPPORTSTHEFOLLOWINGEXPERIMENTS:CASTINGOF SUPERCONDUCTINGFILAMENTARYCOMPOSITEMATERIALS,DIFFUSIONIN LIQUID

STATEAND SOLIDIFrCATIONOFBINARYSYSTEM,FABRICATIONOFVERY-LOW-DENSITY,HIGH-STIFFNESSCARBONFIBER/AtHYBRIDIZED

COMPOSITES,FABRICATIONOF Si-As-Te:Ni TERNARYAMORPHOUSSEMICONDUCTORIN THENICROGRAVITYENVIRONMENTINSPACE,AND
SOLIDIFICATIONOF EUTECTICSYUSTEHALLOYSINSPACE.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 1300.O0(Hax)to 700.O00(Nin)witha MaximumTemperatureDeltaof
MaximumCoolingRate (watts):-O-

Translationrates(ifapplicablein mm/hr)from-O- (Max)to-0- (Min)

5.O0000(degC)

SampleData:

Typesof Materialstobe Processed:kl-Pb-Bi,Au-A|,Au-Ag,Si-As-Te,AI-Ou

MaximumNumberof SampleProcessed: 4

MaximumSampleDimensions(cm): 1.30000HeightX 1.30000WidthX 5.40000Length(note:ifheight: widththenisDJa.)

PressureData:

Operationa|Pressures(Atm)from-0- (Max)to-0- (Min)
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Facility/HardwareName:CRITICALFLUIDLIGHTSCATTERINGEXP. Abbr:CFLSE NASACode:EN NASACenter:JPL

DevelopmentStatus:C Sponsor:NASA

A : UnderStudy

B = InDefinition

C : BeingFabricated

D = ExistingHardware

Purpose:NEASURETHEDECAYRATESOF CRITICALDENSITYFLUCTUATIONSIN A SINPLEFLUID(XENON)VERYNEARITS LIQUID-VAPORCRITICAL
POINT.

Abstract:LASERLIGHTSCATTERINGAND PHOTONCORRELATIONSPECTROSCOPYWILLBE USED. SUCHEXPERIMENTSHAVEBEENSEVERELYLIMITEDON

EARTHBY THEPRESENCEOF GRAVITY,WHICHCAUSESLARGEDENSITYGRADIENTSIN THE SANPLEWHENTHE CONPRESSIBILITYDIVERGESAS

THE SANPLEAPPROACHESTHECRITICALPOINT. IF THISTECHNIQUECAN BE USEDINHICROGRAVITY,VALUABLEDATAON THE
FUNDANENTALPHYSICSOF OTHERFLUIDSCAN BE COLLECTED.

SummaryofCapabilities:

ThermaiData:

Temperatures(degC) from 16.0000(Max)to O.O0000(Hin)witha NaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from-O- (Hax)to-0- (Min)

(degC)

SampleData:

Typesof Haterialsto be Processed:XENON

MaximumNumberofSampleProcessed:-O-

MaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:ifheight: widththenis Dia.)

PressureData:

OperationalPressures(Atm)from S.O0000(Max)to O.O0000(Nin)
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Facility/HardwareName:DIFFUSIVEMIXINGOF ORGANICSOLUTIONS NASACenter:HSFCAbbr:DMOS NASACode:IC

Sponsor:NASA& 3MDevelopmentStatus:D

A : UnderStudy
B : InDefinition

C : BeingFabricated

D : ExistingHardware

Purpose:TOPROVIDEA FLIGHTAPPARATUSFORSTUDIESOF DIFFUSION-LIMITEDCRYSTALGROWTHAND MOLECULARCRYSTALSTRUCTURES.

Abstract:THEDMOS-2CONFIGURATIONCONSISTSOF SIX CHEMICALREACTORSHOUSEDINAN EAC.EACHREACTOR,OR CELL,CONTAINS3 SEPARATE

CHAMBERSWHICHHOLDORGANICLIQUIDSTO BE MIXED.VALVESBETWEENTHECELLCHAMBERSARE OPENEDTO ALLOWTHE LIQUIDSTO MIX.
INTWO OF THE SIXDMOSCELLS,FLUIDMIXINGPHENOMENAWILLBE STUDIED.EXPERIMENTSINONE CELLWILLINVESTIGATETHE MIXING

OF TWO LIQUIDSOF SMALLDENSITYVARIATION.THEOTHERFOURCELLSWILLBE USEDTOEXAMINEMOLECULARCRYSTALSTRUCTURE.THE

PURPOSEOF EXPERIMENTSIN TWOOF THESECELLSISTO EXAMINEHOW MOLECULESWITHINA CRYSTALARE ORDEREDDURINGTHE GROWTH

PROCESS. THEREMAININGTWO CELLSWILLINVESTIGATEHOWCRYSTALSPACKTOGETHER,AND CRYSTALSGROWNINCENTRALCHAMBERSOF
THESECELLSWILLBE ANALYZEDFOR THEIRELECTRO-OPTICALPROPERTIES.

Summaryof Capabilities:

Therma|Data:

Temperatures(degC) from SO0.O00(Max)to 20.OOOO(Min)witha MaximumTemperatureDeltaof
MaximumCoolingRate(watts): 0.00000

Translationrates(ifapplicablein mm/hr)fromO.O0000(Max)to O.O0000(Min)

SampleData:

TypesofMaterialstobe Processed:ORGANICS

MaximumNumberof Samp|eProcessed: 6

MaximumSampleDimensions(cm):-0- HeightX-O- widthX-O-

PressureData:

OperationalPressures(Atm)from S.O0000(Nax)to l.O0000(Hin)

O.00000(degC)

Length(note:if height= widththenis Dia.)
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Facility/HardwareName:DIRECTIONALSOLIDIFICATIONFURNACE Abbr:DSF NASACode:TO NASACenter:LeRC

DevelopmentStatus:B Sponsor:NASA(GRUMMAN)
A : UnderStudy
B : In Definition

C : BeingFabricated

D : ExistingHardware

Purpose:TODETERMINETHEFEASIBILITYOFGROWINGULTRA-HIGHQUALITYGALLIUMARSENDIECRYSTALSIN SPACE,LEADINGTO THEPRODUCTION
OF GALLIUMARSENIDEIN SPACE.

Abstract:THEFURNACEWILLBE THE BRIDGMANTYPE,WHEREINTHEFURNACECONTAININGk PRECISETEHPERATUREGRADIENTMOVESOVERA

STATIONARYQUARTZAMPOULECONTAININGGALLIUMARSENIDE,HELTINGIT AT 1340C AND SOLIDIFYINGIT INTOA SINGLECRYSTALROD

OR INGOT. THE RODOR INGOTISLATERSLICEDINTOWAFERSWHICHARE USEDAS THEBASEHATERIALFOR IHPLANTINGSEMICONDUCTOR

DEVICESINMICROWAVERADAR,SUPERCOMPUTERS,RADIATIONHARDSIGNALPROCESSORS,AND ELECTRO-OPTICALCOUPLERS.TWO
PROTOTYPESFURNACESHAVEBEENFABRICATEDAND AREBEINGTESTED.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 1240.O0(Hax)to-O-

MaximumCoolingRate(watts):-O-

TransJationrates(ifapplicableinmm/hr)from-O-

(Hin)witha MaximumTemperatureDeltaof-O-

(Max)to-0- (Min)

(degC)

SampleData:

TypesofMaterialsto be Processed:GALLIUMARSENDIDE,CADMIUMTELLURIDE

MaximumNumberof SampleProcessed:-O-

MaximumSampleDimensions(cm): 3.00000HeightX 3.00000WidthX 60.0000Length(note:if height: widththenisDia.)

PressureData:

Operationa|Pressures(Atm)from-0- (Max)to -0- (Hin)



GeneralInformationof RACOStudy

Date:03/OI/88 ExperimentalFacilities Page:I-12

Facility/HardwareName:DROPDYNAMICSMODULE kbbr:DDM NASACode:EN NASAOenter:JPL

DevelopmentStatus:D Sponsor:NASA

A : UnderStudy

B : In Definition

C : BeingFabricated

O: ExistingHardware

Purpose:TOTESTTHEORETICALPREDICTIONSOF DROPBEHAVIORINAN ENVIRONMENTIN WHICHSURFACETENSIONIS THEDOMINANTFORCE.

Abstract:THEDDM USESSOUNDNAVESIN A RESONANCECHAMBERTOPOSITIONAND MANIPULATELIQUIODROPSAT ROOMTEMPERATUREINA

MICROGRAVITYENVIRONMENT.THEACOUSTICFORCESPOSITIONTHESAMPLEINTHE CENTEROF THE CHAMBERSO THATIT UILLSTAYIN

ONELOCATION,ALLOWINGCLOSE-UPPHOTOGRAPHY.SOUNDIS ALSOUSEDTO MANIPULATETHESAMPLEBYAPPLYINGA FORCEMODULATED

AT A LOW FREOUENOY,ENERGYCAN BE TRANSFERREDINTOTHE DROP.THE ACOUSTICFIELDCAN ALSOPRODUCEA TORQUEUPONTHE DROP.
THEOPERATORVARIESTHE ACOUSTICSIGNALSTO PERFORMTHE DESIREDEXPERIMENTWHILEOBSERVINGTHE RESPONSEOF THELIQUID

SAMPLE.THEEXPERIMENTMAYALSOBE RECORDEDON VIDEOTAPEFOR DOWNLINKINGTO THEGROUNDSUPPORTTEAMFORNEAR-REALTIME

ANALYSISOR ON 16mmFILMFOR POSTFLIGHTANALYSIS.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 20.O000(Max)to 20.O000(Min)witha MaximumTemperatureDeltaof
MaximumCooiingRate (watts): 0.00000

Translationrates(ifapplicablein mm/hr)fromO.O0000(Max)to O.O0000(Min)

O.O0000(degC)

SampleData:

TypesofMaterialstobe Processed:WATER-GULCERINEMIXTURE,SILICONEOIL

MaximumNumberof SampleProcessed: I
MaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:ifheight: widththenis Dia.)

PressureData:

Operational Pressures (Atm) from -0- (Max)to-0-- (Hind

a

q

g
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Facility/HardwareName:DROPLETCONBUSTIONEXPERIHENT Abbr:OCE NASACode:EN NASACenter:LeRC

DevelopmentStatus:C Sponsor:NASA
A : Under Study
B : In Definition

C = BeingFabricated

D : ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:ABETTERUNDERSTANDINGOFTHE SUBTLEPROCESSESOCURRINGDURINGCOMBUSTIONHILLLEADTO IMPROVEMENTSINTHE COMBUSTION

SYSTEMSOFCARS,POWERPLANTS,ANDOTHERMECHANISMS.

Abstract:THEDCE HILLBE USEDFORCOHBUSIIONEXPERIMENTSWITHDROPLETSAND SMALLSAMPLESOF OTHERMATERIALSSUCHAS PAPERAND

PLASTICS.DROPLETSNILLBESUSPENDEDAND IGNITEDINTHE DCECHAMBER. PRESSUREAND TEMPERATURESENSORSHILLMONITORTHE

ENVIRONMENT,AND A FILMSYSTEMRIL_RECORDTWO VIENSOF THEBURNINGDROPLET.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 20.O000(Nax)to 20.O000(Hin)witha NaximumTemperatureDeltaof

HaximumCoolingRate (watts): 2S0.000

Translationrates(ifapplicablein mm/hr)fromO.O0000(Hax)to O.O0000(Nin)

O.OOOOO(degC)

SampleData:

TypesofNaterialsto be Processed:LIQUIDFUELS

HaximumNumberof SampleProcessed: IO0

Haximum SampleDimensions(cm): O.IO000HeightX O.IO000NidthX O.IO000Length(note:if height: widththenisDia.)

Pressure Data:
Operational Pressures (Atm) from IO.OOOO(Nax)to i.O0000(Nin)
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Facility/HardwareName:DROPLETTECHNOLOGYDEMONSTRATION Abbr:DTD NASACode:EN NASACenter:LeRC

DevelopmentStatus:D Sponsor:NASA

A : Under Study
B : InDefinition

C = BeingFabricated

D : ExistingHardware

Purpose:COMBUSTIONOFSINGLEMILLIMETERSIZEDDROPLETSINA SEALEDCONTAINERFILLEDWITHAIR OR PRESELECTEDOXYGENENRICHED

ATMOSPHERE.
...................................................................................................................................

Abstract:TheDropletTechnologyDemonstration(DTD)facilityburnsliquidfuelsin low accelerationenvironmenttodeterminethe

effectsof diffusionon thecombustionprocess.Thisexperimentwillsuspenda liquidfueldroplet,ignightitand record

(on film)the flamepattern.Fromthisdatacorrelationbettweenexperimentalresultsand experimenterscalculations.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 20.O000(Max)to 20.O000(Min)witha MaximumTemperatureDeltaof

MaximumCoolingRate(watts): 250.000
Translationrates(ifapplicablein mm/hr).fromO.O0000(Hax)to O.O0000(Min_

O.O0000(degC)

SampleData:

Typesof Materialstobe Processed:Liquidfuels

MaximumNumberofSampleProcessed: 2S
MaximumSampleDimensions(cm): 0.I0000HeightX O.iO000WidthX 0.I0000Length(note:if height= widththenis Dia.)

PressureData:

OperationalPressures(Atm)from IO.O000(Hax)to l.O0000(Hin)
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Facility/Hardware Name:Electrodeposition Abbr:EDEP NASACode:CodeC NASACenter:HSFC

DevelopmentStatus:D Sponsor:Universityof Alabamain Huntsville-CODS

k : UnderStudy
B : In Definition

C = BeingFabricated

D : ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:Theapparatuswillconsistof80 toI00 electrodepositioncells.Thepurposeis tostudyelectrodepositionof metalions,

codep,of metalcermets,andelectrodep,of crystalinemat

Abstract:Thegoalofelectrodepositionis to establisha spacebasedproductionprocessto developcommerciallyvaluableproduct

ofsuperiorqualityto thoseproducedbygroundbasedprocesses.Electrodepositionin lowgravitycanbe usedtodevelop
and producecommerciallyvaluableproductssuchasmetalcatalystsand bearingsurfaces.Improvedcatalystscan increase

theoutputofcatalyticprocessesand improvedbearingsurfacescan lengthenthe lifemechanicalequipment.The heartof

theelectrodepositionaparatuswillconsistof 80 to IO0electrodepositioncells. Themajorityof theceilswouldbe

dedicatedtoelectrodepositionof positivemetalionsfromliquidsolution.Severalceilswouldbeutilizedfor

codepositionof densehardneutralparticles(cermets)withmetalmaterialsof nickeland cobalt.

Summaryof Capabilities:

Thermal Data:

Temperatures(deg C) from 25.O000(Hax)to -O-
MaximumCooling Rate (watts):-O-

Translationrates(ifapplicableinmm/hr)from-O-

(Nin)witha NaximumTemperatureDeltaof-O-

(Nax)to -0- (Nin)

(degC)

SampleData:

Typesof Haterialstobe Processed:Netalionsandmetalcermetsin solution

MaximumNumberof SampleProcessed: iO0
HaximumSampleDimensions(cm):-0- HeightX-O- NidthX-O- Length(note:if height: widththenisDim.)

Pressure Data:
OperationalPressures(Atm)from-0- (Hax)to-0- (Nin)
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................................................................................................................................

Facility/HardwareName:Electrc:pitaxialCrystalGrowth Abbr:ECG NASACode:IC NASAOenter:MSFC

DevelopmentStatus:A Sponsor:MRA

: UnderS_udy

: In Definition

C : BeingFabricated

D : ExistingH_rdware

Purpose:Togrow,_s and other_ectronicand electo-opticalcrystalin thefurnace.Thefurnacewilluse the liquidphase

electroepi_=xycrystaig:_wthmethod.
...................................................................................................................................

Abstract:TheEOG isbeingbuiitbyMicrogravityresearchAssociates,Inc.undera JointEndeavorAgreement(JEA)withNASA.The

furncaewillbe usedtogrowGalliumArsenideand otherelectronicand electro-opticalcrystalsin the furnace.The

furnacewilluse theliquidphaseelectroepitaxycrystalgrowthmethodwhichgrowscrystalsat lowertemperaturesthan

meltgrowthmethods.Thistechniquehasbeenusedin thelaboratoryto yeildbulkgalliumarsenidecrystalsof higher

qualitythancrystalsgrownwithothertechniques.The furncacealsowillbe capableof producingothercompoundsof

commercialandmilitaryimportance.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from lO00.OO(Max)to 22.0000(Hin)witha MaximumTemperatureDeltaof-O-

MaximumCo_11ngF;ate(watts):-O-
Translationr_te'(ifapplicableinmm/hr)from-O- (Max)to-0- (Nin)

(degC)

SampleData:

Typesof Materia!_tobe Processed:GaAs
MaximumNumberof SampleProcessed: 6

MaximumSampleDimensions(cm): IOA600 HeightX 10.1600WidthX 17.7800Length(note:ifheigBtz widththenisDia.)

PressureData:

OperationalPress_ces(Atm)from 2.00000(Max)to l.O0000(Min)

ORIGINAL PAGE I$

OE I:_()OR QUALITY
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Facility/HardwareName:ELECTROMAGNETICLEVITATOR Abbr:EML NASACode:EN NASACenteF:MSFC

DevelopmentStatus:D Sponsor:NASA

A : UnderStudy

B : InDefinition

C : BeingFabricated

D : ExistingHardware

Purpose:FORPERFORMINGUNDERCOOLINGANDNUCLEATIONSTUDIES,PREPARATIONOF AMORPHOUSAND METASTABLEPHASESINMETALLICSYSTEMS,

AND THERMOPHYSICALMEASUREMENTS
...................................................................................................................................

Abstract:THEEMLALLOWSA CONDUCTIVESAMPLETO BE POSITIONEDIN THE LEVITATIONCOILAND MELTEDBY INDUCTIVEHEATINGIN A VACUUMOR

CONTROLLEDGASEOUSENVIRONMENT.FOLLOWINGTHEMELTPHASE,POWERMAY BE REDUCEDAT A RAPIDRATE,ALLOWINGRADIATIVE

COOLINGANDSOLIDIFICATIONOF THE SPECIMEN.ADDITIONALCOOLINGISPOSSIBLETHROUGHTHE USEOF A QUENCHGAS.PYROMETRIC

OBSERVATIONOF THE SPECIMENSURFACE,WITHOUTINTERFERENCEFORMA CONTAINERWALL,CAN ALSOBE ACCOMPLISHED.THE SAMPLEIS

SUSPENDEDIN THEELECTROMAGNETICFIELDOFA CUSPCOILAND IS HEATEDAND MELTEDBY INDUCTIONFROMTHECOIL'S

ELECTROMAGNETICFIELD.ANACTIVESERVOPOSITIONINGSYSTEMMAINTAINSTHE ELECTRICALLYCONDUCTIVESPECIMENIN THE CENTEROF

THE COILSYSTEMAGAINSTACCELERATIONDURINGFLIGHTANDDAMPSOSCILLATIONSOF THESPECIMEN.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 1300.O0(Max)to-0- (Min)witha MaximumTemperature

MaximumCoolingRate(watts):-O-
Translationrates(ifapplicablein mm/hr)fromO.O000O(Max)to O.O0000(Min)

Deltaof-O- (degC)

SampleData:

Typesof Materialstobe Processed:-O-

MaximumNumberof SampleProcessed:
MaximumSampleDimensions (cm):-0-

I

HeightX-O- WidthX-O- Length(note: if height: widththenisDia.)

PressureData:

OperationalPressures(Atm)from-0- (Max)to-0- (Min)

ORIGINAL PAGE IS

OE I_)OR QUALITY



GeneralInformationof RACOStudy
Date:03/01/88 ExperimentalFacilities Page:l-18

...................................................................................................................................

Facility/HardwareName:ELECTROPHORESISOPERATIONSINSPACE Abbr:EOS NASACode:IC NASACenter:MSFC

DevelopmentStatus:D Sponsor:NASA

A : UnderStudy
B : InDefinition

C : BeingFabricated

D : ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:TOPROVIDEANAPPARATUSFOR SPACE-BASEDRESEARCHIN THEELECTROPHORETICSEPARATIONOF BIOLOGICALMATERIALS

Abstract:SCIENTIFICADVANCESIN THEAREAOF PHARMACEUTICALMATERIALSPROCESSINGIN SPACEMAY PERMITNEW TREATMENTSFOR A NUMBEROF

DISEASES.INCONTINUOUSFLOWELECTROPHORESIS,BIOLOGICALMATERIALSARE SEPARATEDWHENSUBJECTEDTOAN ELECTRICALFIELD.

HOWEVER,EARTH'SGRAVITYLIMITSTHE QUANTITYAND PURITYOF THE PRODUCT.CURRENTLY,EOS CANSEPARATEMORETHAN700 TIMES

THE AMOUNTOF MATERIALAT A 4-TIMESGREATERPURITYTHANCANSIMILAROPERATIONSON EARTH.AN ORGANICSAMPLE,OR SOURCE

MATERIAL,ISINTRODUCEDINTOA LONG,NARROWCHAMBERINWHICHAN ELECTRICALFIELDSEPARATESTHE DIFFERENTBIOLOGICAL
MATERIALSACCORDINGTO THEIRMOBILITIES.EACHSEPARATEDFRACTIONIS THENCOLLECTEDAND RETURNEDTOEARTH.

SummaryofCapabilities:

ThermalData:

Temperatures(degC) from 25.O000(Max)to lO.O000(Hin)witha MaximumTemperatureDeltaof-O-
MaximumCoolingRate(watts): 3500.00

Translationrates(ifapplicableinmm/hr)from-O- (Max)to -0- (Min)

(degC)

SampleData:

Typesof Materialsto be Processed:Biomaterials,cellsprotiens

MaximumNumberofSampleProcessed: i

MaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:if height: widththenis Dia.)

PressureData:

OperationalPressures(Atm)from l.O00OO(Hax)to I.O0000(Hin)
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Facility/HardwareName:FLOATZONECRYSTALGROWTHFACILITY AbbF:FZCGF NASACode: NASACenter:HSFC

DevelopmentStatus:A Sponsor:
A : Under Study
B : In Definition

C : Being Fabricated
D : Existing Hardware

Purpose:PRODUCEHIGHQUALITY,DISLOCATION-FREECRYSTALSOF ELEHENTALOR LIGHTLYDOPEDMATERIALSSUCHAS SILICONA. ,)THER

CANDIDATESEMICONDUCTORS.
..................................................................................................................................

Abstract:THEFACILITYSHALLHAVETHE FUTURECAPABILITYTO SERVICEFLOATZONECRYSTALGROWTH,FLOATZONEPURIFICATIONOFMATERIALS,

DIRECTIONALSOLIDIFICATION,ANDCRYSTALLIZATIONPHENOMENA.THE INITIALON-ORBITFACILITYWILLPROVIDERESULTSTHAT_AY BE
UTILIZEDFOR THE PROCESSINGOF RESEARCHAND COMMERCIALSCALESAMPLES(UPTO I0cm IN DIAMETER).THEFACILITYWILLCONSIST

OF A MODULARFURNACE,A SAMPLEROTATIONMECHANISM,SUPPORTELECTRONICS,VIDEOCAPABILITY(DURINGPROCESSINGPHASE),ARC A

DATACOLLECTIONSYSTEM.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 2200.O0(Nax)to 400.O00(Min)witha MaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts):-O-
Translationrates(ifapplicablein mm/hr)from50.O000(Max)to-0- (Hin)

(degC)

SampleData:

Typesof Materialstobe Processed:INORGANICSEMICONDUCTORS,HETALS,ALLOYS

MaximumNumberof SampleProcessed: i

MaximumSampleDimensions(cm): 0.00000HeightX 0.00000WidthX 41.0000Length(note:if height: widththeni_Dia.)

PressureData:

OperationalPressures(At|)fromLO- (Max) to -0- (Min)
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Facility/HardwareName:FLUIDSEXPERIMENTAPPARATUS Abbr:FEA NASACode:IC NASACenter:MSFC

DevelopmentStatus:D Sponsor:NASA

A : UnderStudy
B : InDefinition

C : BeingFabricated

D : Existing Hardware
.......................................................................................................... .........................
...................................................................................................................................

Purpose:TOPROVIDEA CONVENIENT,LOW COST,MODULAR,NICROGRAVITYBIOLOGY/CHEMISTRY/PHYSICSEXPERIMENTSYSTEMTO INDUSTRIALUSERSTO
SUPPORTFUNDAMENTALSPACEPROCESSSINGRESEARCH.

...................................................................................................................................

Abstract:THEFEA ISDESIGNEDTOCONDUCTBASICAND APPLIEDPROCESSOR PRODUCTDEVELOPMENTEXPERIMENTSIN GENERALLIQUID

CHEMISTRY,CYRYSTALGROWTH,FLUIDMECHANICS,THERMODYNAMICS,AND THE CELLCULTURINGOFBIOLOGICALMATERIALSAND LIVING

ORGANISMS.THE CURRENTCONFIGURATIONWILLACCOMMODATEFLOATZONECRYSTALGROWTHAND CERTAINFLUIDHANDLINGEXPERIMENTS.

FEAHAS THE CAPABILITYTO MANIPULATEGASEOUS,LIQUID,ORSOLIDSAMPLES,TOEXPOSESAMPLESTO VACUUMCONDITIONS,AND TO

HEATAND COOLSAMPLES.A NUMBEROFSPECIALIZEDSUBSYSTEMSARE PLANNEDFORTHE FEA,INCLUDINGLOW-TEMPERATUREAIR HEATERS,

LIVINGORGANISMINCUBATORS,HIGH-TEMPERATUREFURNACES,CUSTOM-DESIGNEDHEATERS,SPECIALSAMPLECONTAINERS,AND A
SPECIMENTCENTRIFUGE.

SummaryofCapabilities: 4

ThermalData:

Temperatures(degC) from lO0.OOO(Max)to O.O0000(Min)witha MaximumTemperatureDeltaof
MaximumCoolingRate(watts): SO.O000

Translationrates(ifapplicablein mm/hr)fromO.O0000(Max)to O.O0000(Min)

lO.O000(degC)

SampleData:

Typesof Materialsto be Processed:Variousinertfluids.

MaximumNumberof SampleProcessed: 3
MaximumSampleDimensions(cm): 1.00000HeightX 1.00000WidthX 3.00000Length(note:if height: widththenis Dia.)

PressureData:

OperationalPressures(Arm)from l.O0000(Nax)to O.OlO00(Nin)

ORIGINAL PAGE IS

OF POOR QUALITY,
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Facility/HardwareName:FLUIDSEXPERIMENTSYSTEH Abbr:FES NASACode:EN NASACenter:HSFC

DevelopmentStatus:D Sponsor:NASA

A : UnderStudy
B : InDefinition

C : BeingFabricated

D : ExistingHardware

Purpose:TOPROVIDEANAPPARATUSFOR INVESTIGATINGTHEEFFECTSOF HICROGRAVITYON SEPARATIONOR SOLIDIFICATIONPROCESSESIN

TRANSPARENTFLUIDS.

Abstract:THEFES CANACCOHODATEA VARIETYOF EXPERIHENTALCELLSFOR PERFORHINGA BROADRANGEOF FLUIDEXPERIHENTSINAREASSUCHAS

FLUIDCONVECTION,PHASETRANSITION,SURFACEPHYSICS,AND BUBBLEBEHAVIOR.A TESTCELLCAN BE PLACEDFIRSTIN THEFES

PREHEATENCLOSUREFOR NONCRITICALEXPERINENTHEATING,THENTRANSFERREDNECHANICALLYTO ANOPTICALBENCHWHERETHE
HAJORITYOFEXPERIHENTOPERATIONSTAKEPLACE.THISALLOWSONESAHPLETOBE PREHEATEDWHILEANOTHERISBEINGCONPLETEOON

THE OPTICALBENCH.AS THEEXPERIHENTPROGRESSES,REAL-TIHEFLOWHOLOGRAHSARE WADEFOR POSTFLIGHTANALYSIS,ANDAN

ACCELEROHETERLOCATEDON THE OPTICALBENCHCONTINUOUSLYHEASURESTHE VIBRATIONENVIRONHENT.THEFES ALSOCONTAINSk

RATERLOOPFOR RAPIDLYHEATINGOR COOLINGTHE TESTCELLWHILEIT ISON THEOPTICALBENCH.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 120.O00(Hax)to 20.O000(Hin)witha NaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts): 0.00000

Translationrates(if.applicableinmm/hr)fromO.O0000(Hax)to O.O0000(Nin)

(degC)

SampleData:

Typesof Naterialstobe Processed:TRIGLYCINESULFATE

HaximumNumberof SampleProcessed: I

HaximumSampleDimensions(cm): 3.00000HeightX 3.00000WidthX 4.00000Length(note:if height: widththenisDia.)

Pressure Data:
OperationaJPressures(Arm)from l.O0000(Hax)to l.O0000(Nin)
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Facility/HardwareName:GAS-JETDIFFUSIONFLAMESEXPERIMENT Abbr:GDFE NASACode:EN NASACenter:LeRO

DevelopmentStatus:B Sponsor:NASA

A : UnderStudy

B : In Definition

C : BeingFabricated

D : ExistingHardware

Purpose:STUDIESTHEMECHANISMSCOMMONTO BOTHUNWANTEDFIRESAND CONTROLLEDCOMBUTIONSYSTEMS.

Abstract:RESULTSFROMTHESEEXPERIMENTSMAY AID INTHE DESIGNOF FIREPREVENTIONTECHNIQUE_AS WELLAS LEADTOA BETTER

UNDERSTANDINGOF LAMINARGAS-JETDIFFUSIONFLAMES.ON EARTH,THISPROCESSIS DIFFICULTTO STUDYBECAUSEOF BUOYANCY

EFFECTSINDUCEDBY GRAVITY.FOR GDFE,A FLAMEIS LIT BYA SPARKIGNITIONIN THECONTROLLEDENVIRONMENTOF AN EXPERIMENT

CHAMBER.THEEFFECTSOF DIFFERENTNOZZLESIZES,GASEOUSFUELTYPES,FUELFLOWRATES,CHAMBERPRESSURES,AND OXYGEN

CONCENTRATIONSHILLBE EXAMINED.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from SO.O000(Max)to 20.O000(Hin)witha MaximumTemperatureDeltaof

MaximumCoolingRate (watts): 50.0000
Translationrates(ifapplicablein mm/hr)fromO.O0000(Max)to O.O0000(Min)

O.O0000(degC)

SampleData:
TypesofMaterialsto be Processed:Gaseousfuels.

MaximumNumberof SampleProcessed: SO

MaximumSampleDimensions(cm): 10.0000HeightX I0.0000WidthX 10.0000Length(note:if height: widththenisDia.)

Pressure Data:

OperationalPressures (Atm)from lO.O000(Max)to O.SO000(Min)
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Facility/HardwareName:GradientFurnaceforGet-Away-Special Abbr:GFGAS NASACode:EN NASACenter:LeRC

DevelopmentStatus:B Sponsor:GTE

A : UnderStudy
B : In Definition

C : BeingFabricated

D : ExistingHardware

Purpose:Thepurposeof theGFGASis todirectionaiIysolidifygalliumarsenidecrystals.

Abstract:Thislowcostfurnacewillbeused todirectionalIysolidifygalliumarsenidecrystalsin a lowgravity,quiescent

atmosphere.Ithas beenimpossibleto producehigh-qualityuniformGaAscrystalson Earth. Experimentsinthisfurnace

shouldhelpinvestigatorsdeterminebow gravity-drivenconvectioncontributestodefectsobservedin thesematerialsand

may leadto improvedgrowingtechniqueson Earthaswellas inspace.

ThermalData:

Temperatures(degC) from 1200.O0(Hax)to 200.O00(HJn)witha NaximumTemperatureDeltaof

" HaximumCoolingRate (watts)i-O-

Translationrates(ifapplicableinmm/hr)fromSO.O000(Hax)to O.SO000(Hin)

900.O00(degC)

SampleData:

Typesof HateriaIsto be Processed:GalliumArsenide

NaximumNumberof SampleProcessed: I

HaximumSampleDimensions(cm): 8.00000HeightX I.SO000WidthX I.SO000Length(note:if height= widththenJs01a.)

Pressure Data:

OperationalPressures(Atm)from t.O0000(Hax)to .IO00E-6(Min)



GeneralInformationof RACOStudy

Date:03/Ol/88 ExperimentalFacilities Page:I-24
...................................................................................................................................

Facility/HardwareName:GRADIENTGENERALPURPOSEROCKETFURNACE Abbr:G-GPRF NASACode:EN NASACenter:MSFC

DevelopmentStatus:D Sponsor:NASA

A : UnderStudy
B = In Definition

C : BeingFabricated

D : ExistingHardware

Purpose:TOPROVIDETHREECAVITIESFOR MELTINGAND RESOLIDIFYINGEXPERIMENTALSPECIMENSINA MICROGRAVITYENVIRONMENTWITH
NEAR-ISOTHERMALOR GRADIENTTEMPERATUREPROFILES.

Abstract:THEG-GPRFPROCESSESSAMPLESINA VACUUMENVIRONMENTTHATISCREATEDBY VENTINGLOW-PRESSUREARGONGAS TOTHE SPACE

ENVIRONMENTDURINGFLIGHT.EACHOF THE THREEG-GPRFINDEPENDENTLYCONTROLLEDCAVITIESCONSISTSOF A THREE-ZONEFURNACE

THATCAN OPERATEINk GRADIENTMODE.THISTEMPERATUREGRADIENTIS MAINTAINEDBY PROGRAMMABLECONTROLOF THREEHEATING

ELEMENTSANDA HEATEXCHANGERINTHE CAVITY.SAMPLESARECOOLEDAT SPECIFIEDRATESEITHERBYA HELIUMGASQUENCHTHROUGH

A COMMONMANIFOLDOR BY A HATER-COOLEDHEATSINKASSOCIATEDWITHEACHCAVITY.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 100.O00(Max)to 100.OOO(Min)witha MaximumTemperatureDeltaof

MaximumCoolingRate (watts):-O-
Translationrates(ifapplicableinmm/hr)from-O- (Max)to-0- (MinD

100.O00(degC)

SampleData:

TypesofMaterialsto be Processed:-O-

Maximum Numberof SampleProcessed:

MaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:if height: widththenis Dia.)

PressureData:
OperationalPressures(Atm)from-0- (Max)to -0- (MinD
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Facility/HardwareName:GRADIENTHEATINGFURNANCE Abbr:GHF NASACode:na NASACenter:na

DevelopmentStatus:A Sponsor:JAPANESESPACEAGENCY

A : UnderStudy
B : InDefinition

C : BeingFabricated

D : ExistingHardware
...................................................................................................................................

Purpose:GHFALLOWSACCURATETEMPERATURECONTROLOF UNIDIRECTIONALSOLIDIFICATIONANDCRYSTALGROWTHOF SEMICONDUCTORS,CERAMICS

AND ALLOYS. iTSHELIUMGAS IS USEDFRORAPIDCOOLING.
...................................................................................................................................

Abstract:THEGHF ISA TRAVELINGHEATER-TYPE,VACUUM-HEATINGFURNACEWITHTHREEHEATINGZONESOFHIGH,GRADIENTAND LOW
TEMPERATURES.A CARTRIDGEISINSTALLEDINTOTHEGHF,THENTHEHEATINGBLOCKMOVESALONGITSSAMPLEPORTIONDURINGTHE
EXPERIMENTACCORDINGTO THEPROGRAMMEDTEMEPRATUREPROFILE.AN ULTRASONICHOMOGENIZERCAN BE ATTACHEDTO THE CARTRIDGE.

THE GHFSUPPORTSTHE FOLLOWINGEXPERIMENTS:GROWTHEXPERIMENTOF NARROWBAND-GAPSEMICONDUCTOROF PbSnTeSINGLECRYSTALS

IN SPACE,STUDYON SOLIDIFICATIONOF IMMISCIBLEALLOYS,CRYSTALGROWTHOF COMPOUNDSEMICONDUCTORSINA LOW-GRAVITY
ENVIRONMENT.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 1200.O0(Nax)to 600.OOO(Min)witha MaximumTemperatureDeltaof
MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from54.O000(Hax)to 1.00000(Min)

S.O0000(degC)

SampleData:

Typesof MateriaJsto be Processed:PbSnTe,At-In,AIPbBi,CuPb,GaAs

MaximumNumberof SampleProcessed: I

MaximumSampleDimensions(cm): 2.40000HeightX 2.40000WidthX 11.0000Length(note:ifheight: widththenis Dia.)

PressureData:

OperationalPressures (Atm)from l.O0000(Hax)to .1300E-5(Min)
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Facility/HardwareName:HIGHTEMPERATUREACOUSTICLEVITATOR Abbr:HAL NASACode:EN NASACenter:MSFC

DevelopmentStatus:B Sponsor:NASA

A : UnderStudy

B : InDefinition

C : BeingFabricated

D : ExistingHardware

Purpose:TOINCREASETHROUGHCONTAINERLESSPROCESSINGTHEPURITYOFGLASSES,CERAMICS,OROTHERMATERIALSREQUIRINGVERYHIGH

PROCESSINGTEMPERATURES.
...................................................................................................................................

Abstract:THEHAL IS A SECONDGENERATIONAPPARATUSTHATBUILDSON EXPERIENCEWITHTHESINGLEAXISACOUSTICLEVITATOR(SAAL),AN

INSTRUMENTTHATWAS USEDTO ACOUSTICALLYLEVITATE,MELT(ATTEMPERATURESUP TO i_00C), AND RESOLIDIFYGLASSSAMPLESIN

SPACEFORTHE FIRSTTIME.ON EARTH,IT ISIMPOSSIBLETO ACOUSTICALLYLEVITATEAND MELTSAMPLESAT TEMPERATURESTHISHIGH.

LIKETHE SAAL,THEHAL WILLBE USEDTO ACOUSTICALLYLEVITATEAND PROCESSMETALS,ALLOYS,CERAMICS,AND GLASSESINSPACE;

HOWEVER,THE HAL WILLALLOWPROCESSINGATEVENHIGHERTEMPERATURES(UPTO2200C), WILLALLOWMOREPRECISEPOSITIONING

AND ROTATIONCONTROL,WILLBE OPERATEDMANUALLYORAUTOMATICALLY,WILLBE RECONFIGUREDDURINGFLIGHT,AND WILL

ACCOMMODATEMOREINVESTIGATIONSPER FLIGHT.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 2200.O0(Max)to-O-
MaximumOoolingRate(watts):-O-

TranslationFates(ifapplicablein mm/hr)from-O-

(Min)witha MaximumTemperatureDeltaof-O-

(Max)to -0- (Min)

(degC)

SampleData:
Typesof Materialsto be Processed:ceramics,refractoryalloys

MaximumNumberof SampleProcessed: I

MaximumS_mpleDimensions(cm):1.00000 HeightX 1.00000WidthX 1.00000Length(note:ifheight: widththenis Dia.

PressureData:

OperatJona]Pressures(Atm)from-0- (Max)to-0- (Min)
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Facility/HardwareName:ImageFurnace Abbr:IMF NASACode:ha NASACenter:na

DevelopmentStatus:D Sponsor:JapaneseSpaceAgency

A : UnderStudy

B : InDefinition

C : BeingFabricated

O : ExistingHardware
...................................................................................................................................

Purpose:TheIMF createsa floatingzoneof samplematerialsat the focusof twohalogenlamplightscondensedby two elliptical

mirrors.The IHF canpullor twistthe floatingzone.

Abstract:TheIMFconsistsof doublemirrors,halogenlamps,a silicatube,and a drivingmechanism.Seedcrystalmaterialis

loadedintothe lowerchamberand rawmaterialintothe upperchamberthenbothmaterialsare fusedtogetherusingthe

controlpanel.Fourmotorcontrolsystemsare installedformovingmirrors,uppershaftand lowershaft.A groungbased

testunithas beendeveloped.The IMF isat presentin thepreliminarydesignphaseand isexpectedtofly on the

Spacelab-Jmission.The unitiscompatiblewitha standardrackconfiguration.Someexamplesof thetypesofcrystals

thatmay be grownusingthisapparatusincludePb-Sn-Te,In-Sb,oxideglass,and samarskite.Contact:YuichiYamaura

(205/544-5436).

SummaryofCapabilities:

ThermalData:

Temperatures(deeC) from 2000.O0(Max)to 25.0000(Win)witha HaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from200.O00(Nax)to 2.00000(Win)

SampleData:

TypesofMaterialsto be Processed:Pb-Sn-Te,In-Sb,oxideglass,samarskite

MaximumNumberof SampleProcessed: I

MaximumSampleDimensions(cm):

(degC)

2.00000HeightX 2.00000WidthX 15.0000Length(note:if height: widththenisDia.)

Pressure Data:

Operationa]Pressures(Atm)from l.OOOOO(Max)to .lO00E-7(Min)
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Facility/HardwareName:INITIALBLOODSTORAGEEXPERIMENT Abbr:IBSE NASACode:EN NASACenter:JSC

DevelopmentStatus:D Sponsor:NASA

A : UnderStudy

B : In Definition

C : BeingFabricated

D : ExistingHardware
....................................... . ...........................................................................................
...................................................................................................................................

Purpose:TOINVESTIGATEFACTORSTHATLIHITTHE STORAGEOF HUMANBLOODINSPACE. COMPARESBLOODCOMPONENTSSTOREDINORBITWITH

BLOODSTOREDON EARTH.
...................................................................................................................................

Abstract:BECAUSETHEEFFECTSOF GRAVITY-RELATEOFACTORSUCHAS SEDIMENTATIONAND BUOYANCYAREMINIMIZEDINMICROGRAVITY,THE IBSE

CAN BE USEDTO STUDYALTERATIONSIN SIZE,SHAPE,METABOLISE,PHYSIOLOGY,AND IMMUNOLOGICFUNCTIONOF CELLSSTOREDIN

ORBIT. THE IBSENODULE,CONSISTINGOF TWODEHARSWITHSTORAGERACKSAND AN ELECTRONICCONTROLBOX,IS PARTIALLY

DISASSEMBLED,AND BLOODBAGSARE PLACEDON THESTORAGERACKS.THE RACKSARE REINSERTEDINTOTHE DEWAR,AND THE DEWARLIDS

ARE BOLTEDINTOPLACE.THEHOOULEIS THENPLACEDINSIDEA MIDOECKLOCKER,USINGPYRELLFOAMTO ISOLATENECHANICALYTHE

IBSEHARDWAREFROMTHESIDESOF THE LOCKER.POWER(28Vdc)APPLIEDTHROUGHANELECTRICALCONNECTORON A FRONTPANELOF

SPECIFIEDTEMPERATURELEVELANDAIR EXCHANGERATEIN EACHDEWAR.THELOCKERCANBE TRANSPORTEDTO THE ORBITOR12HOURS

BEFORELAUNCH

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 22.0000(Max)to 5.00000(Nin)witha MaximumTemperatureDeltaof
MaximumCoolingRate(watts): 125.000

Translationrates(ifapplicableinmm/hr)fromO.O0000(Nax)to O.O0000(Min_

O.O0000(degC)

SampleData:

Typesof Materialsto be Processed:BLOOD(WHOLE,LEUKOCYTES,PLATELETS)

MaximumNumberof SampleProcessed: 16

MaximumSampleDimensions(cm): 5.08000HeightX 0.64000WidthX 0.64000Length(note:ifheight: widththenis Dia.)

Pressure Data:
Operational Pressures (Arm) from l.O0000(Maxl to 1.O0000(flin)

li

II
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Facility/HardwareName:IsoelectricFocusing Abbr:IEF NASACode:EN NASACenter:HSFC

DevelopmentStatus:D Sponsor:NASASponsoredPl's

A : UnderStudy

B : In Definition

C : BeingFabricated

D : ExistingHardware
..................................................................................................................................
..................................................................................................................................

Purpose:Adeviceforseperation/purificationof blu ,qicaJmaterL_is.ThisfaciJitywas devetopedto heJpdeterminethebest
designof a purificationsystem.

.................................................................................................................................

Abstract:ByNinimizingdensity-dependentconvectioninmicrogrovity,theIEF permitsnonturbulentflowof thebiologicalmaterials

to beseparated.To producea pH gradientin theampholytebufferand focustheparticlesto beseparated,powerof 70

Vdc issimultaneouslyappliedacross(endtoend)eachof eightcolumnsin the IEFapparatus.Movementof coloredsamples
to theirisoelectricpoints(thepointsatwhichthe pHof the sampleand the pHof the bufferare the same)isrecorded

photographically.Focusedsampteseparationsare harvested.The highlevelof purityof materiaJsfrompreviousflights

has proventheeffectivenessof theIEF apparatus.In its firstuse,the apparatuscolumnshad differentcombinationsof

threekindsof partitions,two kindsof buffersand one kindof coatingto minimizeelectroosmosis.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 25.O000(Nax)to lO.O00O(Hin)witha HaximumTemperatureDeltaof

HaximumCoolingRate (watts): 30.0000

Translationrates(ifapplicablein mm/hr)from-O- (Nax)to-0- (Hin)

O.O0000(degC)

SampleData:

TypesofHateriaisto be Processed:Biologicalmateri_is,ieceils,proteins

HaximumNumberof SampleProcessed: 8

HaximumSampleDimensions(cm): 0.00640HeightX 0.00640WidthX 0.0S080Length(note:ifheight: widththenisDia.)

Pressure Data:
OperationalPressures(Atm)from l.O0000(Nax)to l.O0000(Nin)
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Facility/HardwareName:IsothermalDendriticGrowthExperment Abbr:IDGE NASACode:EN NASACenter:LeRC

Sponsor:NASASponsoredPI'sDeveJopmentStatus:C

A : UnderStudy

B : InDefinition

C : BeingFabricated
D : ExistingHardware

Purpose:Anisothermalgrowthchamberto studydendriticgrowthof organicstudyfluidsin microgravity.The dendriteswillbe

grown,photographed,and studiedinthisfacility.

Abstract:TheIDGEwillenableinvestigatorstostudydendriticgrowth,a tree-branched-shapedcrysta111zat_on,_n organic

materialsthatmodelpuremetalsand metala11oysystems.Inmicrogravity,fluidmotionshouldbe reducedandheat

transfershouldplaya moredominaterolein crystallization;therefore,investigatorsshouldbeableto studythe role
of heattransferingreaterdetail.As samplesareprocessedinan isotherma!growthchamber,thedendritecrystalswil!

be photographed.ResultsfromtheseexperimentswillcontributetoadvancesinmetaUurgicaIprocessingand to the

productionof metalswithenhancedproperties.

Summaryof Capabi!ities:

ThermalData:

Temperatures(degC) from-0- (Hax)to-O-

MaximumCoolingRate (watts):-O-

Translationrates(ifapplicablein mm/hr)from-O-

(Min)witha MaximumTemperatureDeltaof-O-

(Nax)to -0- (Min)

(degC)

SampleData:
Typesof Materialsto be Processed:Modelorganicswithmetal/alloycharactr

MaximumNumberofSampleProcessed: I

MaximumSampleDimensions(cm):-0- HeightX-O- NidthX-O- Length(note:ifheight_ widththenis Dia.)

Pressure Data:
Operational Pressures (Atm) from -O- (Max)to-0- (Min)
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Facility/HardwareName:ISOTHERMALGENERALPURPOSEROCKETFURN. Abbr:I-GPRF NASAOode:EN NASACenter:NSFC

DevelopmentStatus:D Sponsor:NASA
k : UnderStudy

B : In Definition

C : BeingFabricated

D = ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:TOPROVIDETHREEINDEPENDENTCAVITIESFOR MELTINGAND RESOLIDIFYINGSAMPLESINA LOW-GENVIRONMENT.

Abstract:THEI-GPRFPROCESSESSAMPLESIN A VACUUMENVIRONMENTTHATISCREATEDBYVENTINGLOW PRESSUREARGONGAS TO THESPACE
ENVIRONMENTDURINGFLIGHT.EACHINDEPENDENTCAVITYINTHE I-GPRFHASA SINGLEHEATERELEMENTANDIS CONFIGUREDTO PROVIDE

CONTROLLEDHEATUPANDCOOLDONNRATESAND HEARISOTHERMALPROCESSINGCONDITIONSFOREACHSAMPLE.TOACHIEVEA CONTROLLED

SAMPLECOOLDONN,EACHCAVITYCANSUPPLYA VARIABLEHELIUMGAS QUENCHTHROUGHA MANIFOLDCOMMONTOTHE OTHERCAVITIES.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 90O.O00(Nax)to IO0.O00(Min)witha MaximumTemperatureDeltaof-O-
MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from-O- (Nax)to-0- (Nin)

(degC)

SampleData:

TypesofMaterialsto be Processed:METALSAND ALLOYS

MaximumNumberof SampleProcessed: 3

MaximumSampleDimensions(cm):-0- HeightX-O- widthX-O- Length(note:ifheight: widththenisDia.)

Pressure Data:

OperationalPressures(Arm)from-0- (Max)to-0- (Min)
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Facility/HardwareName:ISOTHERMALHEATINGFURNANCE Abbr:IHF NASACode:na NASACenter:na

DevelopmentStatus:D Sponsor:EUROPEANSPACEAGENCY

A : UnderStudy

B : In Definition

C : Being Fabricated
D : ExistingHardware

...................................................................................................................................

...................................................................................................................................

Purpose:HEATINGCHAMBERIS ISOLATEDMULTI-LAYERRESISTANCEFURNANCEWITHLOW HEATINGLAG.

Abstract:FURNANCEFACILITY_S DESIGNEDTOFIT INSPACELAB-HATERIALSCIENCEDOUBLERACKFACILITY.ON SPACELABi, THE IHFHAD

TECHNICALPROBLEMS.IT WAS REPAIREDAND REFLOWNON SPACELABD-I.CURRENTSTATUSIS UNKNOWN.

9

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 160O.O0(Max)to 200.O00(Min)witha MaximumTemperatureDeltao(

MaximumCoolingRate(watts): IIO.O00

Translationrates(ifappJicabIein mm/hr)from-O- (Max)to-0- (Hin)

O.O0000(degC)

SampleData:

Typesof Materialsto be Processed:-O-

MaximumNumberof SampleProcessed:-O-

MaximumSampleDimensions(cm): 3.00000HeightX 3.00000WidthX I0.0000Length(note:ifheight: widththenisOia.)

Pressure Data:

OperationalPressures (Atm)from 1.00000(Max)to l.O0000(Min)

I

I
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Facility/HardwareName:LambdaPointExperiment Abbr:LPE NASACode:EN NASACenter:JPL

DevelopmentStatus:C Sponsor:NASASponsoredPI's

A : UnderStudy

B : In Definition

O = BeingFabricated

D = ExistingHardware

Purpose:A liquid helium cryostat with an experimentpackageto study the superfluid behavior of the liquid at critical

temperatures.

Abstract:Large infrared observatories and gyros will use superfluid helium as a coolant; however, to be used effecientIy, this
unique elementmust be studied in greater detail. Nanysubtleties of superfluid helium behaivor are unknownbecause
gravitational effects disturb the unique superfluid state. An instrumenteddewerflown on Spacelab 2 mission wasused
successfully to study bulk fluid dynamicsandmotion in microgravity. The LPEwill use the Spacelab dewer to study
superfluid heluim properties at critical temperatures. For the initial experiment, theories will be tested as

investigator obesrvethe temperature dependenceof the heat capacity of helium near the lambdapoint. High resolution
measurementswill be madewith state-of-the-art thermometrytechnology.

Summaryof Capabilities:

ThermalData:

Temperatures(deg C) from -268.O00(Hax) to -273.000(Hin) with a HaximumTemperatureDelta of
MaximumCooling Rate (watts):-O-
Translationrates(ifapplicablein mm/hr)from-O- (Nax)to-0- (Nin)

O.O0000(degC)

SampleData:

Typesof Haterialsto be Processed:LiquidHelium

HaximumNumberof SampleProcessed: I

NaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:ifheight: widththenis Dia.)

PressureData:

OperationalPressures(Atm)from i.O0000(Nax)to O.O0000(Hin)
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Facility/HardwareName:LARGEISOTNERNALFURNANCE Abbr:LIF NASACode:ha NASACenter:na

DevelopmentStatus:A Sponsor:JAPANESESPACEAGENCY
A = UnderStudy

B = In Definition

C : BeingFabricated

D : ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:USEDTO HEAT-TREATLARGESPECIMENSUNDERUNIFORMTEMPERATUREDISTRIBUTIONS.GAS COOLINGISALSOAVALIABLEDURING

PROCESSINGSEQUENCE.
...................................................................................................................................

Abstract:THREE-ZONEHEATERCONTAINSTHREETHERMO-COUPLESANDARE CONTROLLEDINDEPENDENTLYBY A MICROCOMPUTER.THE LIF SUPPORTS

THEFOLLOWINGEXPERIMENTS:FORMATIONMECHANISMOF DEOXIDATIONPRODUCTSIN IRONINGOTDEOXIDIZEDWITHTWO OR THREE

ELEMENTS,PREPARATIONIFNi BASEDISPERSIONSTRENGTHENEDALLOYS,STUDYONTHE MECHANISMOF LIQUIDPHASESINTERING.THE
UNITISDESIGNEDTO FIT IN A STANDARDRACKCONFIGURATION.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 1600.O0(Max)to-O-
MaximumCoolingRate(watts): 700.000

Translationrates(ifapplicablein mm/hr)from-O-

(Mindwitha MaximumTemperatureDeltaof

(Max)to -0- (Mind

9.00000(degC)

SampleData:

Typesof Materialsto be Processed:TUNGSTEN,ALLOYSCONTAINGNi, Mo,Cr, Co

MaximumNumberof SampleProcessed: I
MaximumSampleDimensions(cm): 2.60000HeightX 2.60000WidthX 16.8000Length(note:if height: widththenis Dia.)

PressureData:

OperationalPressures(Atm)from lO.O000(Max)to -0- (Hind
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Facility/HardwareName:LIQUIDDROPEXPERIMENTFACILITY Abbr:LDF NASACode:ha NASACenter:ha

DevelopmentStatus:C Sponsor:JAPANESESPACEAGENCY

A : UnderStudy

B = InDefinition

C : BeingFabricated

D : ExistingHardware

Purpose:THELDF IS USEDTOOBSERVETHEDEFORMATIONOF A LIQUIDDROPTO STUDYTHE STABILITYOF LIQUIDNENBRANEOUSDISKSIN A

TRI-AXIALACOUSTICRESONATOR.

•Abstract:THEOBJECTIVEOF THE EXPERIMENTISTO STUDYCONTACTLESSAND STABLEPOSITIONINGOF LIQUIDDROPS,EXCITATIONOF CAPIULARY

WAVESON THELEVITATEDLIQUIDDROPSURFACEFOR A SPHERICALANDFOR OBLATESPHERORIDALSHAPEAND DEFORMATIONOF LIQUID

DROPSBY MEANSOF TRI-AXIALACOUSTICRESONANCES.THE STABILITYOFFREELIQUIDNEMBRANEOUSDISKSISANOTHEROBJECTIVEIN

THE TRI-AXIALACOUSTICRESONANCEFIELDS.THEORIESTO PREDICTA POSSIBLEEXTRACTIONOF CAPILLARYWAVESFORSPHERICAL

LIQUIDDROPSANDFOR OBLATESPHEROIDALROTATINGLIQUIDDROPSUNDERTHEINFLUENCEOF TRI-AXIALACOUSTICRESONANCESHAVE

BEENDERIVED.THE DEFORMATIONOF LIQUIDDROPAND THE STABILITYOF LIQUIDNENBRANEOUSDISKSHAVEBEENALSOANALYTICALLY

ANDEXPERIMENRTALLYINVESTIGATEDINA TRI-AXIALACOUSTICRESONATORTHROUGHEARTHBASEDEXPERIMENTSARE SEVERELY

CONSTRAINED.
...................................................................................................................................

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 20.O000(Max)to 20.O000(Min)witha MaximumTemperatureDettaof

MaximumCoolingRate(watts): 0.00000
Translationrates(ifapplicableinmm/hr)fromO.O0000(Max)to O.O00OO(Min)

O.O00OO(degC)

SampleData:

Typesof Materialstobe Processed:SILICONOIL

MaximumNumberof SampleProcessed: SO

MaximumSampleDimensions(cm): I.O0000HeightX I.O0000WidthX i.O0000Length(note:if height: widththenisDia.)

PressureData:

OperationalPressures(ktm)from I.O0000(Max)to I.O0000(Min)
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Facility/HardwareName:MagneticIsolationSystem AbbF:MIS NASACode:IC NASACenter:

Sponsor:SperryCorperatJonDevelopmentStatus:C

A : UnderStudy
B : In Definition

C : BeingFabricated

D : ExistingHardware
Z_ZZ_ZZ_Z_ZZ_ZZZZZ_ZZ_ZZ_zZ_Z_ZZZzZZ_Z_ZZ_ZZZ_Z_Z_ZZZ_Z_ZZZ_Z_ZZ_Z_ZZZZZZZ_z_ZZZZZZ_Z_Z_ZZZZZZZz_z_Z_ZZ

Purpose:Asuspensionsystemused tosupressaccelerationsthatmightdisturbthe microgravityenvironmentof materialsprocessing

experiments.

Abstract:TheMIS isan experimentmountingdevicedesignedto reduceaccelerationsformicrogravitymaterialsprocessing

experimentsf]ownaboardthe Shuttte.Thedevicesbeingbuiltby SperryCorporationundera JointEndeavorAgreementwith

NASA.The firstmodelwillflyin the orbitermiddeck,mountedin thespaceofone middecklocker.Thesystemuses

magneticsuspensiontechniquesto isolatean experimentfromvibrationsandaccelerationsinducedbypumps,fans,and

othersuchdisturbanceson theorbiter.

SummaryofCapabilities:

ThermalData:

Temperatures(degC) from 20.O00O(Max)to 2O.O000(Min)witha MaximumTemperatureDeltaof
MaximumCoolingRate(watts): 1.00000

Translationrates(ifapplicableinmm/hr)froml.O0000(Max)to l.O0000(Min)

O.O0000(degC)

SampleData:
Types of Materials to be Processed:TBD
MaximumNumberof SampleProcessed:

MaximumSampleDimensions(cm):-0-

I

HeightX-O- HidthX-O- Length(note:if height= widththenisDia.)

Pressure Data:
OperationalPressures(Atm)from 1.OO000(Max)to 1.0OO00(Min)
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Facility/HardwareName:NARANGONICONVECTIONUNIT Abbr:MCU NASACode:na NASACenter:na

DevelopmentStatus:D Sponsor:JAPANESESPACEAGENCY

A : UnderStudy

B : In Definition

C : BeingFabricated

D : ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:THEHCUSYSTEMIS USEDTO OBSERVEHARANGONICONVECTIONOFA LIQUID.TWODIMENSIONFLUIDFLOWCANBE OBSERVEDAND RECORDED
CINEMATOGRAPHICALLY.

...................................................................................................................................

Abstract:MCUHEATINGBLOCK,COOLINGBLOCK,AND GLASSHEATERSEACHOONTAINA THERHOCOUPLE.A GROUNDBASEDTESTUNITHAS BEEN

DEVELOPED.THEMOU APPLIESA TEMPERATUREGRADIENTINSIDETHE FREESURFACEVISCOUSFLUID. THEMOU APPLIESA TEMPERATURE

GRADIENTTO A FLUIDSURFACEBYCOOLINGONE SIDEAND HEATINGTHE OTHERAND OBSERVINGTHE MARANGONICONVECTIONON THE FREE
SURFACE.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from SO.OOOO(Max)to 3O.OOOO(Min)witha MaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from_O- (Max)to-0- (Min)

(degC).

SampleData:

Typesof Materialstobe Processed:-O-

MaximumNumberof SampleProcessed:-O-

MaximumSampleDimensions(cm): 2.50000HeightX 2.S0000WidthX 2.S0000Length(note:if height: widththenisDia.)

PressureData:

OperationalPressures (Atm)from-O- (Max)to-0- (Min)
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Facility/HardwareName:MechanicsofGranularMaterials Abbr:MGM NASACode:EN NASACenter:

Sponsor:NASASponsoredPI'sDevelopmentStatus:C

A : UnderStudy
B : InDefinition

C : BeingFabricated

D : ExistingHardware

Purpose:Tostudythe load-deformation,stress/strain,inabilityand failuremodes,and ultimatestrengthof cohesionlessgrainular

materialsin drysaturatedandpartiallysaturatedstate.
...................................................................................................................................

Abstract:Thisexperimentwilluse the microgravityenvironmentof theShuttletoobtainquantitivedataon thebehaviorof

cohesionlessgrandularmaterials.Dataon the behaviorof thesetypesofmaterialsareof majorscientificand

technologicalimportanceto a varietyof disciplines:soilmechanicsandgeotechnicalengineering,eatrhquake

engineering,coastalandoff shoreengineering,pneumatictransportation,andpowertechnology.The
load-deformation,stress-strain,inabilityand failuremodes,andultimatestrengthcharacteristicsof cohesionless

granularmaterials(dry,saturated,andpartiallysaturated)at verylow confiningpressureswillbe studied.The HGM
willconsistof a loadframe,a motor-drivenscrewjack,pressurechambers,experimentchambers,varioussensors,cameras

and a controland dataacquisitionsystem.

Summaryof Capabilities:

Therma|Data:

Temperatures(degC) from 25.0000(Max)to 20.O000(Min)witha MaximumTemperatureDeltaof

MaximumGoolingRate(watts): 0.00000
Translationrates(ifapplicableinmm/hr)fromO.O0000(Max)to O.O0000(Min)

O.O0000(degC)

SampleData:
Typesof Materialsto be Processed:sand,soil,gravel,etc.

MaximumNumberof SampleProcessed: i

MaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:ifheight: widththenis Dia)

PressureData:

OperationalPressures(ktm)from 80.O000(Hax)to l.O0000(Hin)
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7_cility/HardwareName:HEPHISTO Abbr:-O- NASACode:ha NASACenter:na-

DevelopmentStatus:D Sponsor:EUROPEANSPACEAGENCY

A : UnderStudy

B : In Definition

C = BeingFabricated

O : ExistingHardware

Pu,_ose:THEFURNANCEISA SPECIALIZEDVERSIONOFTHE DIRECTIONALSOLIDIFICATIONFURNANCE

Abstract:FURNANCEWILLBE DESIGNEDTOBE HOUSEDIN ANEXPERIMENTAPPARATUSCONTAINERFORUSE ON THEMATERIALSSCIENCELABORATORY

LOCATEDIN THEORBITERPAYLOADBAY.A GROUND-BASEDTESTFURNANCEHAS BEENDEVELOPEDIN FRANCE.PRELIMINARYDESIGNFORTHE

FLIGHTFURNANCEISUNDERWAYAT PRESENT.LEADTIMEFOR COMPLETIONOFFLIGHTFURNANCEISTHREEYEARS.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 1200.O0(Max)to -O-

MaximumCoolingRate (watts):-O-

Translationrates(ifapplicableinmm/hr)from-O-

(Min)witha MaximumTemperatureDeltaof-O-

(Max)to-0- (Nin)

(degC)

SampleData:

Typesof Materialsto be Processed:-O-

MaximumNumberof SampleProcessed:-O-

MaximumSampleDimensions(cm):-0- HeightX-O- WidthX=O- Length(note:ifheight= widththenisDia.)

PressureData:

OperationalPressures(Arm)from-0- (Max)to -0- (Min)
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...................................................................................................................................

Facility/HardwareName:MIRRORHEATINGFURNANCE Abbr:MHF NASACode:na NASACenter:na

DevelopmentStatus:D Sponsor:EUROPEANSPACEAGENCY

A : UnderStudy

B : In Definition

C : BeingFabricated

D : ExistingHardware

Purpose:SAMPLEISHEATEDBY RADIATIONFROMTWOHALOGENLAHPS.LIGHTINTENSITYISCONTROLLEDBY PHOTOCELL.FURNANCEINTERIORCAN

BE EVACUATEDOR FILLEDWITHARGON.
...................................................................................................................................

Abstract:FURNANCEFACILITYIS DESIGNEDTO FIT INSPACELABMATERIALSCIENCEDOUBLERACKFACILITY.THEMHF HAD TECHNICALPROBLEMSON

SPACELABi. ITWAS REPAIREDAND REFLOWNON SPACELABD-I.

Summaryof Capabilities:

ThermalData:

Temperatures(dewC) from 2100.O0(Max)to 200.O00(Min)witha MaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts):-O:
TransJationrates(ifapplicableinmm/hr)from-O- (Max)to -0- (Min)

(degC)

SampleData:

Typesof Materialstobe Processed:-O-
MaximumNumberof SampleProcessed:-O-

MaximumSampleDimensions(cm): 2.00000HeightX 2.00000WidthX IS.O000Length(note:ifheight: widththenis Dia.)

PressureData:

OperationalPressures(Atm)from-0- (Max)to -0- (Min)



°
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Date:03/Ol/88 ExperimentalFacilities Page:l-41

Facility/HardwareName:MonodisperseLatexReactorSystem Abbr:MLRS NASACode:EN NASACenter:MSFC

DevelopmentStatus:D Sponsor:NASASponsoredPI's

A : UnderStudy

B = In Definition

C : BeingFabricated

D = ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:Toproducelargerand moreuniformmonodisperselatexparticlesthancan be manufacturedon Earth.The reactorproducesI0

to 30micrometerspheresandotherrequiredshapes.

Abstract:THEMLRSCONSISTSOFFOURHONODISPERSELATEXREACTORS(HLRs)LOCATEDINAN EXPERIMENTAPPARATUSCONTAINER(EAC),A

SUPPORTELECTRONICSPACKAGE(SEP),AND TWO INTERCONNECTINGCABLES(ONEFOR POWER,ONE FOR SIGNAL).EACHOFTHE MLRsCAN
PROCESSUP TO I00 mlOF LATEX-FORMINGMATERIALAT TWO NOMINALTEMPERATURES(70OR90 C) OR AT OTHERTEMPERATURES,IF
DESIRED.THEMATERIALCAN BE STIRREDIN THE PREPROCESSMODEOR STIRREDAND HEATEDINTHE PROCESSMODE.DURINGTHE PROCESS

MODE,ONE VOLUMEAND FOURTEMPERATURES(BASE,WALL,PISTON,AND FLUID)ARE MEASURED.THE SEP CONVERTSTHEANALOGDATATO

DIGITALDATAAND RECORDSTHE INFORMATIONONCEEVERYMINUTE.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 90.O000(Max)to 20.O000(Min)witha MaximumTemperatureDeltaof

MaximumCoolingRate (watts):-O-

Translationrates(ifapplicablein mm/hr)from-O- (Max)to-0- (Min)

O.O0000(degC)

SampleData:

TypesofMaterialsto be Processed:Latex

MaximumNumberof SampleProcessed_ 4

MaximumSampleDimensions(cm): 20.$700HeightX 20.$700WidthX 38.1000Length(note:ifheight: widththenisDia.)

PressureData:

OperationalPressures (ktm)from l.OOO00(Max)to l.O0000(Min)
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.................................................................................................................................

Facility/HardwareName:MovingWallElectrophoresisUnit Abbr:MgEU NASACode:EN NASACenter:MSFC

DevelopmentStatus:A Sponsor:NASA

A : UnderStudy
B : In Definition

C : BeingFabricated

D : ExistingHardware

Purpose:Toevaluatevarioushighresolutioncellseparationtechniquesinmicrograv.. ThisfaciIi_is todefinethe follow-on

activitiesfor bioprocessinginspace.
..................................................................................................................................

Abstract:Thisfacilityis a modificationof theContinuousFlowElectrophoresisSystem(CFES)concept. It consistsof a long,

thinrectangularchamberwithtwoopposingelectrodes.A buffer(thebufferis an electrolyte)solutioncontainingthe

desiredproductflowsthroughthe chamber. The facilityelectrodesgeneratea fieldwhichis perpendicularto the
chamberflow.As theelectrolytesolutionflowsthroughthisfieldthe targetmaterialsare separatedintonarrowstreams

whicharecollectedat thechamberflowexit.Targetmateriallocationwithintheflowat theexitisa functionof the

material'selectroniccharge.Frictionbetweenthe flowingbuffersolutionand the sidewallsgenerateforceswhich

inhibittheseparationprocess.Therefore,thisfacility'swailsmovewiththe flowtoreduceflowdistortion

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 2S.O000(Max)to lO.O000(Min)witha MaximumTemperatureDeltaof

MaximumCoolingRate(watts): I000.00
Translationrates(ifapplicablein mm/hr)from-O- (Max)to -0- (Min)

O.O0000(degC)

SampleData:

Typesof Materialsto be Processed:biomaterials,ceils,proteins,etc.

MaximumNumberof SampleProcessed: I

MaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:ifheight: widththenis Dia.)

PressureData:

OperationalPressures(Arm)from l.O0000(Max)to l.O0000(Min)
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Facility/Hardware Name:NuJtipleExperimentProcessingFurnace Abbr:NEPF NASACode:IC NASACenter:NSFC

DevelopmentStatus:C Sponsor:NASAsponsoredPI's
A : UnderStudy
B : In Definition

C : BeingFabricated
D : Existing Hardware

...................................................................................................................................

...................................................................................................................................

Purpose:Adirectionalsolidificationfurnacewithuniquequenchcapabilityspecificallydesignedformetalsandalloy
solidification.Thisfacilityhas on orbitsamplechange-outas well.

Abstract:THENEPFHILLBE A NODULAR,SECONDGENERATIONVERSIONOF EARLIERNODELDIRECTIONALSOLIDIFICATIONFURNACES.IT NIL

PROCESSLARGERSANPLESTHANEXISTINGFURNACESAND PERHITON-ORBITSANPLECHANGEOUT.THEFURNACEHILLACCONNODATE

INVESTIGATIONSOF PHENONENAINVOLVEDINTHE SOLIDIFICATIONOFHETALSANDSEHICONDUCTORNATERIALS.EXPERIHENTSIN THIS

APPARATUSHILLOPTIHIZEPROCESSPARANETERSSUCHAS TENPERATUREGRADIENTSAND STUDYTHEEFFECTSPRODUCEDBY VARYINGTHE

RELATIVEPERCENTAGESOFNATERIALSSUCHAS DOPANTS.THE NEPFISBEINGDESIGNEDFORAUTONATICORNANUALOPERATIONSABOARD

SPACELABOR THE SPACESTATION.

SummaryofCapabilities:

ThermalData:

Temperatures(degC) from 1600.O0(Nax)to 600.O00(Nin)witha NaximumTemperatureDeltaof
NaximumCoolingRate(watts): 1450.0D

Translationrates(ifapplicablein mm/hr)from600.O00(Nax)to O.06000_Nin)

400.O00(degC)

SampleData:

TypesofHaterialsto be Processed:metalsand metalalloys

NaximumNumberof SampleProcessed: I

HaximumSampleDimensions(ca): 2.20000HeightX 2.20000WidthX 18.0000Length(note:ifheight: widththenisDia.)

Pressure Data:

OperationalPressures(Atm)from 1.50000(Hax)to O.O00OO(Nin)
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Facility/HardwareName:Non-LinearOpticalMonomers Abbr:NLON NASACode:CodeC NASACenter:NSFC

DevelopmentStatus:C Sponsor:Universityof AlabamainHuntsvilIe-CCDS

A = UnderStudy

B = In Definition

C = BeingFabricated

O : ExistingHardware

Purpose:Non-LinearOpticalNonomerswillbe grownusinga fixedarrayof continuousflowchannels.Properlydesignedorganics

possessoutstandingopticalandelectroopticalproperties.

Abstract:Recentadvancesinthe fieldofnon-linearoptics(NLO)holdgreatpromisefor importantapplicationsin integrated

optics,telecommunications,and opticalinformationprocessing.Potentialapplicationsincludeelectaroopticalswitching,
opticalamplificationfor communications,and parallelprocessingforhybridopticalcomputers.NLO monomerswillbe

grownusinga fixedarrayof continuousflowchannels.Thesechannelswillrequireventingbetweenrunsfor the inert

carriergases. The temperaturedistributionofeachchannelwillbe automaticallycontrolled.Theprocesswillbe

controlledautomatically,however,somecrewinteractionis requiredforexperimentadjustments.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from-0- (Hax)to-O-

HaximumOoolingRate (wattsj:-O-

Translationrates(ifapplicablein mm/hr)from-O-

(Nin)witha NaximumTemperatureDeltaof-O-

(Hax)to-0- (Hin)

(dee_)

SampleData:
Typesof Haterialsto be Processed:Vaporand liquidphaseorganicsolutions

HaximumNumberof SampleProcessed:-O-

HaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:if height: widththenis Dia.)

Pressure Data:
Operational Pressures (Atm) from -0- (Hax)to -0- (Nin)
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Facility/Hardware Name:Non-LinearOptical Organic Crystals Abbr:NLOOC NASACode:CodeC NASACenter:NSFC

DevelopmentStatus:C Sponsor:University of Alabamain Huntsvil]e-CCDS
A : Under Study
B = In Definition

C : Being Fabricated
D : ExistingHardware

Purpose:Non-LinearOpticalOrganicCrystalswillbe grownusinga fixedarrayof 27 sealedampoules.Thepurposeof theexperiment

is togrowlargedefectfreeorganiccrystals.

Abstract:Recentadvancesin the fieldofnon-linearoptics(NLO)holdgreatpromisefor importantapplicationsin integrated

optics,telecommunications,andopticalinformationprocessing.Muchof the earlyworkin theNLO areafocusedon

inorganicmaterials.Recentresearcheffortsindicatethatproperlydesignedorganicscouldbe usedforopticaland

electaroopticalswitching,opticalamplificationfor communicationsand parallelprocessingforhybridopticalcomputers.

Polymericorganicmaterialshavemechanicalpropertieswhicharesuperiorto the inorganicmaterials.NLOorganic

crystalswillbegrownusinga fixedarrayof 27 sealedampoules.The temperaturedistributionof eachampoulewillbe

automatically and individually controlled. A prototype apparatus consists of a 4 in. by .75 in dim. glass tube with a hot
and a cold end.

SummaryofCapabilities:

ThermalData:

Temperatures(degC) from i50.O00(Nax)to BO.OOOO(Min)witha MaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from-O- (Hax)to-0- (Win)

SampleData:

Typesof Haterialsto be Processed:Organicchemicalssealedinampoules

MaximumNumberof SampleProcessed: 27

HaxlmumSampleDimensions(cm):-0- HeightX-O- WidthX-O-

(degC)

Length{note:if height: widththenisDJa.)

PressureData:

OperationalPressures(Atm)from-0- (Max)to-0- (Win)
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Facility/HardwareName:Non-LinearOpticalThinFilms Abbr:NLOTF NASACode:CodeC NASACenter:HSFC

DevelopmentStatus:C Sponsor:UniversityofAlabamain Huntsville-CCDS

A : UnderStudy.
B : InDefinition

C : BeingFabricated

O : ExistingHardware

Purpose:Non-Linearopticalthinfilmswillbe grownusinga fixedarrayof continuousflowchannels.Properlydesignedorganics

possessoutstandingopticaland electroopticalproperties.

Abstract:Recentadvancesin thefieldofnon-linearoptics(NLO)holdgreatpromisefor importantapplicationsin integrated

optics,telecommunications,andopticalinformationprocessing.Potentialapplicationsincludeelectroopticalswitching,
opticalamplificationfor communications,andparallelprocessingforhybridopticalcomputers.The temperature

distributionof eachchannelwillbe automaticallycontrolled.The processw£IIbecontrolledautomatically,however,

somecrewinteractionis requiredfor experimentadjustments.A newapparatushasbeendesignedand constructedforthe

vaporphaseNLO thinfilmgrowthexperiment.Thisunitisa prototypeof theonewhichwouldbe flownon the ISFor

shuttle.Theprototypeinteriorconsistsof a 4 in. by0.7Sin. dia.glasstubewithone coldend andone hot end.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from iSO.O00(Nax)to 80.O000(Nin)witha MaximumTemperatureDeltaof-O-
HaximumCoolingRate(watts):-O-

Translationrates(ifapplicableinmm/hr)from-O- (Nax)to-0- (Nin)

(degO)

SampleData:

Typesof Haterialsto be Processed:Vaporand liquidphaseorganicsolutions
HaximumNumberofSampleProcessed: I

HaxJmumSampleDimensions(cm): 1.90000HeightX 1.90000NidthX IO.1600Length(note:if height= widththenisDia.)

Pressure Data:

OperationalPressures(Atm)from-0- (Nax)to -0- (Hin)
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Facility/HardwareName:NormalFreezingFurnace-I Abbr:NFF-I NASACode:IC NASACenter:MSFC

DevelopmentStatus:C Sponsor:InternationalSpaceCorporation

A : UnderStudy
B : InDefinition

C : BeingFabricated

D : ExistingHardware

Purpose:Thisis a commerciaIIydevelopedbridgmantypefurnaceusedtoproduceelectronicmaterialsin space.

Abstract:THENFF ISBEINGBUILTBY INTERNATIONALSPACECORPORATIONANDWILLBEFLOWNON THESHUTTLEUNDERA _OINTENDEAVOR

AGREEMENTWITHNASA. THE AUTOMATEDFURNACE,WHICHWILLHAKEUSE OFDIRECTIONALSOLIDIFICATION,WILLBE UTILIZEDTO

PRODUCEA NUMBEROF INFRAREDANDSEMICONDUCTORCRYSTALS.CANDIDATENATERIALSINCLUDECADMIUMTELLURIDEANDGALLIUM

ARESENIDE.THE GROUNDFURNACEDESIGNIS 7S PERCENTCONPLETEAND ISEXPECTEDTOBE CONPLETEDINMARCH1988. THE FIRST

FURNACE(NFF-I)IS EXPECTEDTO FLY INJUNE1989AND PRODUCESANPLESUP TO 2.0 cm INDIAMETER.THE NFF-2,FIRSTFLIGHTIN

NOVEMBEROF 1990,WILLPRODUCESAMPLESUP TO3 cm IN DIAMETER.NFF-3,FIRSTFLIGHTIN HAYOF 1992,WILLPRODUCEUP TO S

cm SAMPLES,AND THECOMMERCIALNFF ISEXPECTEDTOFLY INJULYOF 1993AND WILLPRODUCESAMPLEFROMS.O cmTO B.O cm IN
DIAMETER.

...................................................................................................................................

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 1600.O0(Nax)to 40O.OOO(Nin)witha NaximumTemperatureDeltaof

MaximumCoolingRate (watts):-O-

Translationrates(if applicableinmm/hr)fromSO.O000(Max)to S.O0000(Min)

400.O00(deg C)

SampleData:

Typesof Materialstobe Processed:CdTe,GaAs,HgCdTe,lnP,and others

MaximumNumberof SampleProcessed: 4

MaximumSampleDimensions(cm): 2.S0000HeightX 2.S0000WidthX 17.SO00Length(note:ifheight: widththenis Dim.)

Pressure Data:

Operational Pressures (Atm) from l.lOOOO(Nax)to .1300E%(Nin)
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.................................... . ..............................................................................................

Facility/HardwareName:Organic& PolymerCrystalGrowthFacil. Abbr:OPCGF NASACode:It NASACenter:HSFC

DevelopmentStatus:B Sponsor:NASA

A = UnderStudy
B : In Definition

C : BeingFabricated

D : Existing Hardware

Purpose:To research the influence of microgravity on the structure and characteristics of organic and polymercrystalline
materialswithuniqueelectrical,magnetic,& opticalproperties.

Abstract:Thisapparatus_ilIbe dedicatedto researchon the influenceof low-gravityon the structureandcharacteristicsof

organicandpolymercrystallinematerialsthethaveuniqueelectrical,magneticandelecto-opticalproperties.In

microgravity,whereturbulentconvection,bouyancy,and sedimentationare reduced,it maybe possibleto producenewand

improvedcrystals.Requirementsfor thisfurnaceare beningdefined;thegoalis todesigna modularfurnacethatcan be

flownin theSpacelabmoduleand lateron the SpaceStation.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from-O- (Hax)to -O-
HaximumCoolingRate(watts):-O-

Translationrates(ifapplicableinmm/hr)from-O-

(Hin)witha MaximumTemperatureDeltaof-O-

(Max)to-0- (Nin)

(degC)

SampleData:

Typesof Naterialsto be Processed:Organicand polymers

NaximumNumberofSampleProcessed:-O-

NaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:if height= widththenisDia.)

PressureData:

Operational Pressures (Atm) from -0- (Hax)to-O- (Hin)

I
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Facility/HardwareName:Organicand PolymerProcessingExper. Abbr:OPPE NASAOode:lO NASACenter:HSFC

DevelopmentStatus:O Sponsor:3NSR&AL

A : UnderStudy
B : InDefinition

O : BeingFabricated

D = ExistingHardware

........................... p ......................................................................................................

Purpose:Solution(DMOS),Vapor(PVTOS),and meltgrowthoforganicandpolymercrystalsby low tomoderatetemperatureprocesses

Abstract:ThisfacilitywillhousethePVTOS,DNOSand a new directionalsolidificationfurncaetosupport3N'sJEA'sonUS-I.This

DSF willprocessorganicsand polymersat muchlowertemperaturesthantheAADSForNNF.Therefore,thisisa special

furnaceTBD.

Sutmaryof Capabilities:

ThermalData:

Temperatures(degO) from 200.O00(Hax)to 20.O000(Nin)witha NaximumTemperatureOeltaof

MaximumOoolingRate(watts):-O-

Translationrates(ifapplicableinmm/hr)from-O- (Nax)to-0- (MinD

lO.O000(degC)

SampleData:

Typesof Materialsto be Processed:Organicsand Polymers

MaximumNumberof SampleProcessed: 2S

MaxfmumSampleDimensions(cm): 2.00000HeightX 2.00000WidthX IO.O000Length(note:ifheight= widththenis Dia.)

PressureData:

Operational Pressures (Atm) from l.O0000(Nax) to I.O0000(HJn)
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Facility/HardwareName:ORGANICCRYSTALGROWTHEXP.FACILITY Abbr:OCF NASACode:EN NASACenter:HSFC

DevelopmentStatus:C Sponsor:JAPANESESPACEAGENCY

A : UnderStudy
B : InDefinition

C : BeingFabricated

D = ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:OCFIS USEDTOGROWLARGEHIGHQUALITY SINGLECRYSTALSBY DIFFUSIONFROHSOLUTION.VISUALOBSERVATIONOF THE CRYSTAL
GROWINGIS POSSIBLE.

Abstract:EACHCELLHASTHREESECTIONS.THE CENTERSECTIONIS A PROCESSINGCELL,AND THEOTHERTWOSECTIONSCONTAINDONORLIQUID

AND ACCEPTONLIQUID.A GROUNDBASEDTESTUNITHASBEENDEVELOPED.THE OCF ISAT PRESENTINTHE PRELIMINARYDEESIGNPHASE
AND IS EXPECTEDTO FLYON SPACELAB-JIN 1988.THE UNITISCOMPATIBLEWITHA STANDARDRACKCONFIGURATION.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from-O- (Max)to -O-
MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from-O-

(Hin)witha MaximumTemperatureDeltaof

(Max)to -0- (Min)

O.00000(degC)

SampleData:

Typesof Materialsto be Processed:-O-

MaximumNumberofSampleProcessed:-O-

MaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:if height: widththenisDia.)

Pressure Data:

Operationa|Pressures(Atm)from-0- (Max)to -0- (Min)

9

q
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Facility/Hardware Name:OrganicSeparations Abbr:ORSEP NASACode:CodeC NASACenter:NSFC

DevelopmentStatus:C Sponsor:Universityof Alabamain Huntsville-CCDS
A : Under Study
B : In Definition

C : Being Fabricated
D : Existing Hardware

...................................................................................................................................

...................................................................................................................................

Purpose:OrganicSeparations will be accomplished by using sets of separation discs. Eachdisc unit has small compartmentsod the
solutions and samples.The purposeis to separate org.phase

...................................................................................................................................

Abstract:The major interest of this type experimentis to develop the technique of affinity phasepartitioning for eventual use in
low-g commercial separations. Affinity phasepartitioning utilizes an affinity ligand attached to polymerspolyethylene
glycol(PEG) to pull ceils into the PEG-richphase(unwantedcells remain at the interface betweenthe PEG-richand
dextran-rich phases). This techniquehas been applied to purifying red blood cells using antibodies to the cells as
affinity ligands. Thenext step is to use this technique to purify large ceils such as lymphocytes and megakaryocytes
which are important for cancer and immunologyresearch. Phasepartitioning of immiscible polymersand various biological
materials will be accomplished using sets of separation discs. Eachdisc has ceils which contain the samples.

SummaryofCapabilities:

ThermalData:

Temperatures(degC) from 2S.O000(Nax)to 4.00000(Hin)witha HaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from-O- (Nag)to-0- (Nin)

(degC)

SampleData:

Typesof'Haterialstobe Processed:OrganicSolutions

HaximumNumberof SampleProcessed:-O-

HaximumSampleDimensions(cm):-0- HeightX-O- NidthX-O- Length(note:ifheight: widththenis Dim.)

Pressure Data:
Operational Pressures (Atm) from -0- (Hax)to-0- (Nin)
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Date:03/01/88 Experimental Facilities Page:t- 52
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Facility/HardwareName:karticleCl_:dCombustionExperiment Abbr:PCCE NASACode:EN NASACenter:LeRC

DevelopmentStatus:C Sponsor:NASA

A : UnderStudy
B = _ Definition

C : BeingFabricated

D : ExistingHardware

Purpose:Tostudythe _',ndamentaIcombustionprocesses,suchasdiffusion,whicharemaskedonEarth.The facilitywillstudythe

flamepropert1_andextinctionlimitsof 2-phasesystems.

Abstract:Abetterunderstandingof _hefundamentalcombutionprocesswillleadtomoreefficientuse of fuelson earthand reduce

pollutionresultingfromcombustion. Thegoalof the PCCEis tostudythe flamepropertiesand extinctionlimitsfor
severalpremixed,quiescent,two-phasecombustionsystems.ThePCCEapparatuswillacousticallymixeightseparate

quantitiesof fuelparticlesin transparentflametubestoobtainquiescent,uniformcloudswhichwillbeacoustically

energizedand ignited.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) frol 40.O000(Hax)to IO.O000(Hin)witha HaximumTemperatureDeltaof

HaximumCoolingRate(watts): 80.0000
Translationrates(ifapplicableinmm/hr)fromO.O0000(Hax)to O.O0000(Hin)

O.O0000(degC)

SampleData:

Typesof Haterialsto _ Processed:Solidor liquidfuelsin a cloud.
NaximumNumberof SampleProcessed: i

HaximumSampleDimensions(cm): 1.00000HeightX t.O0000NidthX 1.00000Length(note:ifheight= widththenisDia.)

PressureData:
OperationalPressures(Atm)from tO.OOOO(Hax)to O.SO000(Hin)
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Facility/HardwareName:PhasePartitioningExperiment Abbr:PPE NASACode:EN NASACenter:HSFC

DevelopmentStatus:D Sponsor:NASA
k : UnderStudy
B : In Definition

C : BeingFabricated

D : ExistingHardware
...................................................................................................................................

....................................................... _ ...........................................................................

Purpose:Tomeasurethespontaneousdemixingof two-phasesystemsinmicrogravity.The PPEhas twosolutionsthataremixed

on-orbitand thiefseparationisobserved.
...................................................................................................................................

Abstract:ThePPE isconfiguredfortwo methodsof phaseseparation(naturalcoalescenceandsurfacetension)and toallow

variationsin interfacialtension,phasevolumeratio,phasesystemcomposition,and the effectof addedparticles.The

PPE isa PIexiglassapparatuswith24 cavitiesfilledwithpolymermixturesof differentvolumefractions,viscosities,

and interfacepotentials.Theexperimentapparatusisshakenvigorouslyand observedphotographicallyforphase

separation.Halfof theexperimentsare performedin chambersmilledthePPE Plexiglass,theotherhalfinglasscuvettes

whichfit intoPIexiglasscontainers.On futureflights,Plexiglasmay be replacedwithtexanor Harguard.

SummaryofCapabilities:

ThermalData:

Temperatures(degC) from 20.O000(Hax)to 20.O000(Hin)witha HaximumTemperatureDeltaof-O-

NaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)fromI.O0000(Hax)to -0- (Hin)

(degC)

SampleData:

Typesof Haterialsto be Processed:Polymerfluids

NaximumNumberof SampleProcessed: I

NaximumSampleDimensions(cm): 1.40000HeightX 1.40000#idthX 1.40000Length(note:ifheight= widththenis Dia.)

Pressure Data:

OperationalPressures (Atm)from-0- (Hax)to I.O0000(Nin)

._,-.
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Facility/HardwareName:PhysicalVaporTransportOf OrganicSol. kbbr:PVTOS NASACode:IC NASACenter:NSFC

Deve|opmentStatus:D Sponsor:3M

A : UnderStudy

B : InDefinition

C : BeingFabricated

D : ExistingHardware
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Purpose:Togroworganiccrystalsby vaportransportmethod.

Abstract:Thetheoreticaland experimentalobjectiveof PVTOSare aimedat producingorganicthinfilmswithorderedcrystalline

structuresforbasicresearchand commercialproductdevelopment.PVTOSconsistsof nineindependentexperimentceils

housedinan EAC. The ceilscontainthreekindsof nontoxic,nonflammableorganicmaterials.Fiveceilscontaina

proprietarysourcematerialcode-namedCompundG for studyingphysicalvaportransport,and fourceilscontainmaterials

forstudyingfilmgrowth,two withcopperphthalocyanineand twowithdicrboximide.All the materialsare large

molecules.The experimentis controlledby a microprocessor.Usinga hand-heldkeyboardand displayterminal,a

crewmembercan selectand activatetheexperimentceils,monitorcelltemperatureandpowerlevels,and perform

diagnostictests.
...................................................................................................................................

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from SO0.O00(Nax)to 20.O000(Nin)witha NaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts):-O-
Translationrates(ifapplicablein mm/hr)from-O- (Max)to-0- (Nin)

(deg C)

SampleData:

Typesof Materialsto be Processed:OrganicElecetro/opticalcrystals
MaximumNumberof SampleProcessed: g

MaximumSampleDimensions(cm): 7.62000HeightX 7.62000WidthX 30.4800Length(note:ifheight= widththenisDia.)

PressureData:
Operational Pressures (Atm) from 1.00000(Max) to l.OOOO0(Nin)
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Facility/HardwareName:ProteinCrystalGrowthI Abbr:PCGI NASACode:EN NASACenter:HSFC

DevelopmentStatus:D Sponsor:NASA,UAB

A : UnderStudy
B = In Definition

C : BeingFabricated

O : ExistingHardware

Purpose:Toexptoretheuse of themicrogravityenvironmentof spaceforcrystalgrowthof proteinsof medicaland sc[_=ific

interest.

Abstract:The PCG-! is composedof the Vapor Diffusion Apparatus(VDA) and the Dialysis Apparatus (DA). Investigators use vapor
diffusion anddialysis techniques to organize biological mo|ecules into large symmetrical crystals. Thesecrystals are
then bombardedwith X-rays to create diffraction patterns, which are analyzed by computers. Experiments in the VDAtake
place in closed chambers that are coveredwith c|ear plastic windowsfor visual and photographicmonitoring. A droplet of
protein solution is extruded onto the tip of a syringe. This drop is suspendedover a reservoir of equilibration solutio_
within the chamber. After crystallization is complete, the protein solution andcrystals are drawnback in the syringe.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 23.0000(Hax)to 18.0000(Hin)witha HaximumTemperatureDeltaof

HaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from-O- (Max)to-0- (Hin)

O.O0000(degC)

SampleData:

Typesof Haterialsto be Processed:Proteins
MaximumNumberof SampleProcessed: 24

HaximumSampleDimensions(cm):-0- HeightX-O- NidthX-O- Length(note:if height: widththenis Dia._

Pressure Data:

Operationa|Pressures(Atm)from l.O0000(Hax)to I.O0000(Hin)
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Facility/HardwareName:ProteinCrysta|GrowthII/III Abbr:PCG2/3 NASACode:EN NASACenter:NSFC

DevelopmentStatus:C Sponsor:NASA,UA8
A : UnderStudy
B : In Definition

C : BeingFabricated
D : ExistingHardware

...................................................................................................................................

...................................................................................................................................

Purpose:Toexploretheuse of themicrogravityenvironmentofspacefor crystalgrowthof proteinsof medicaland scientific
interest.

...................................................................................................................................

Abstract:Using data from the previous PCGexperiments, a secondgeneration, semi-automatic and thermally contro|led PCGfacility
is being developed for flight in the Shuttle middeck or SpaceIab. Vapordiffusion will be used to growcrystals in 120
experimenchambersmountedon trays that slide into a carrier housed in a temperature-controlled Refirgerator/Incubator
Hodu|e or the LSLERefrigerator.

........... _ ........................................................................................................... w ...........

Summaryof Capabilities:

ThermalData:

Temperatures(degO) from 23.OO00(Nax)to 4.00000(Win)witha HaximumTemperatureDeltaof

BaximumCoolingRate(watts):-O-

Translationrates(ifapplicableinmm/hr)from-O- (Hax)to -0- (Win)

O.O0000(degC)

SampleData:

Typesof HateriaIsto be Processed:Proteins

HaximumNumberof SampleProcessed: 24

HaximumSampleDimensions(cm):-0- HeightX-O- widthX-O- Length(note:if height: widththenisDia.)

PressureData:

Operational Pressures (Atm) from 1.O0O00(Nax)to 1.00000(Hin)
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Facility/Hardware Name:Protein Crystal GrowthIV Abbr:PCG4 NASACode:EN NASACenter:HSFC

DevelopmentStatus:B Sponsor:NASA,UAB

A : UnderStudy

B : In Definition

C : BeingFabricated

D = ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:To explore the use of the microgravity environmentof space for crystal growth of proteins of medical and scientific
interest.

Abstract:This will be a third generation flight apparatusbasedon two SpaceShuttle facilities for protein crystal growth. A
spacestation PCGfacility will provide for the processingof hundredsof different biological materials in a rang of

growthgeometries. The facility will be automatically controlled by a microprocessor, and sampleswill be automatically
inserted and retrieved. Crewmembersor investigators on the groundwill monitor the growth using a microscope/video

system. Before, during, and after processing, crystals will be maintained at an optimumtemperature.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 23.0000(Max)to 4.00000(Hin)witha MaximumTemperatureDeltaof

MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from-O- (Hax)to-0- (Hin)

O.O0000(degC)

SampleData:

Typesof Haterialstobe Processed:.Proteins

MaximumNumberof Sample Processed: 48
MaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Lengthinote:ifheight: widththenis Dia.)

Pressure Data:

OperationalPressures (Atm)from I.O0000(Hax)to l.O0000(HJn)
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...................................................................................................................................

Facility/HardwareName:SingleAxisAcousticLevitator Abbr:SAAL NASACode:EN NASACenter:MSFC

DevelopmentStatus:D Sponsor:NASA

A : UnderStudy

B = In Definition

C : BeingFabricated

D = ExistingHardware
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Purpose:Toincrease,throughcontainerlessprocessing,thepurityof glasses,ceramicsor othermaterialrequireingveryhigh

processingtemperatures.

Abstract:Eightsamplescan be processedsequentiallyand automaticallyin theSAAL.Thesamplesare storedina carouselattached
to thehot-wallfurnace.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from iSSO.O0(Max)to 20.O000(Min)witha MaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts): 20.0000
Translationrates(ifapplicablein mm/hr)from-O- (Max)to -0- (Min)

(degC)

SampleData:

TypesofMaterialsto be Processed:Ceramics,glasses,others

MaximumNumberof SampleProcessed: I

MaximumSampleDimensions(cm): 1.00000HeightX 1.00000WidthX 1.00000Length(note:if height: widththenis Dia.)

PressureData:

OperationalPressures(Atm)from 1.00000(Max)to l.O0000(Min)



r
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Facility/Hardware Name:Solid Surface CombustionExperiment Abbr:SSCE NASACode:EN NASACenter:LeRC

DevelopmentStatus:C Sponsor:NASA

A : UnderStudy
B : In Definition

C : Being Fabricated
D : ExistingHardware

...................................................................................................................................
...................................................................................................................................

Purpose:Tostudytheburningof solidsamplesin microgravitytounderstandthe flamespreadingand oxygendiffusionof this

phenomena.

Abstract:Inmicrogravity,theabsenceof buoyancy-inducedgas-phaseflowallowsinvestigatorsto studyotherfudamentalcombustion

processes.For theSSCE,thermallythinfuelsamples(ashlessfilterpaper)andthermallythickfuelsampJes

(polymethylmethacrylate-PMMA)willbe burnedina containerchamberinmicrogravity.Thermocoup|esand a pressure
transducerwillmonitorflamespreadingratesand chamberpressure.

SummaryofCapabilities:

ThermalData:

Temperatures(degC) from 40.O000(Max)to iO.O00O(Hin)witha MaximumTemperatureDeltaof

MaximumCoolingRate(watts): 80.0000

Translationrates(ifapplicablein mm/hr)fromO.O0000(Max)to O.O0000(Hin)

O.O0000(degC)

SampleData:

Typesof Materialsto be Processed:Ash]essfilterpaper,PHNA,and others

MaximumNumberofSampleProcessed: i

MaximumSampleDimensions(cm): 2.00000HeightX O.OOIO0WidthX 4.00000Length(note:ifheight: widththen£s Dim.)

PressureData:

OperationalPressures(Atm)from tO.OOOO(Nax)to O.SOOOO(Hin)
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Facility�HardwareName:SpaceUltra-VacuumReasearchFacility Abbr:SURF NASACode:IC NASACenter:NSFC

Abstract:Several USindustral concerns are interested in exploring the simultaneous effects of low-gravity and ultra-vacuumon
materialsprocessing.Areasof potentialinterestincludemolecularbeamepitaxy,chemicalbeamepitaxy,and metal

purification.Someof thisresearchis limitedon Earthby constraintssuchascontaminationfromvacuumchamberwalls.

Aftera requirementsstudy,a designconceptwillbedevelopedusingthe Shuttleto createan ultra-vacuumwake

environment,carryinstrumentsto measureand chacacterizethewake,and supportinitialexperimentsthatutilizethe

vacuumenvironmentof thewake.If resultsfromtheseinitialdevelopmenteffortsarepromising,theSURFfacilitywill

be designed,developed,and testedin spaceas a freeflyerwhichwillbe a co-orbitingplatformin thevicinityof the

SpaceStation.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from-0- (Max)to -O-

MaximumCoolingRate(watts):-O-

Translationrates(ifapplicableinmm/hr)from-O-

(Win)witha HaximumTemperatureDeltaof-O-

(Max)to -0- (Hin)

(degC)

SampleData:

Typesof Haterialsto be Processed:-O-

MaximumNumberof SampleProcessed:-O-

MaximumSampleDimensions(cm):-0- HeightX-O- WidthX-O- Length(note:if height: widththenisDia.)

PressureData:
OperationalPressures(Atm)from-0- (Hax)to -0- (Win)

im

9

im
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Facility/Hardware Name:Static ColumnElectrophoretic Separator Abbr:SCES NASACode:EN NASACenter:HSFC

DevelopmentStatus:D Sponsor:NASA
A : Under Study
B : In Definition
C : Being Fabricated

D : ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:Tostudytheseparationof ampholytesby etectrophoreticprocessesinmicrogravity.Thesolutionofbufferand sampleis

separatedby Ph whena voltageisappliedto thesolution.
...................................................................................................................................

Abstract:Uptoeightcolumnassembliescan be operatedand photographedineachapparatus.A constantvoltage(nomina|Iy70 Vdc)

powersupplyin theapparatusisused toapplypotentialtoeachcolumn.The outputof the70 Vdcpowersupplyis40ma.

Oncethe apparatusismanuallyturned-on,itoperatesfor90 minutesand thenshutsitseifdown.DuringthegO minutesof

operation,35mmphotographsare takenonceeverythreeminutesfor the first10 frames,and thenonceeverytwominutes

for thenextthirtyframes.Thisphotographysequencecanbe changedby the time-andcontroIprintedcircuitboard

assembly.Columns,voltagedisplays,temperaturereadouts,and timearea|l recordedwiththe photographs.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from 25.0000(Max)to lO.OOO0(Min)witha MaximumTemperatureDeltaof-O-

MaximumCoolingRate(watts): 32.0000

Translationrates(ifapplicablein mm/hr)from-O- (Max)to-0- (Mint

(deg C)

SampleData:

Typesof Materialsto be Processed:Biomaterials,cells,protiens

MaximumNumberof SampleProcessed: I

MaximumSampleDimensions(cm): 0.47700HeightX 0.47700NidthX 15.0000Length(note:ifheight: widththenis Dia.)

PressureData:

OperationalPressures(Atm)from l.OOOOO(Max)to l.OOO00(Hin)
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Facility/HardwareName:SurfaceTensionDrivenConvectionExp. Abbr:STDOE NASAOode:EN NASACenter:LeRO

DevelopmentStatus:C Sponsor:NASA

A : UnderStudy
B = In Definition

C = Being Fabricated
D : ExistingHardware

Purpose:Tostudysteadystatethermocapillaryflowsinmicrogravity.

Abstract:Theobjectiveof theSTDCEis todesigna themocapillaryexperimenttostudythe transientand steadystateflowsin the

microgravityenvirnomentof space.Thisdatabaseisneededto developmicrogravityfacilitiesin space.Fluidcontained
ina circulardishwillbe subjectedto an imposedsurfaceheatfluxtogeneratethethermocapillaryflow._uantitative

datawillbeobtainedon thenatureand extentof the flows,theeffectsof heatingrateson theflows,differentthermal

sigatures,surfacedeformations,and flowoscillations.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from SO.O000(Nax)to IO.O000(Hin)witha HaximumTemperatureDeltaof

HaximumCoolingRate(watts): SO.O000
Translationrates(ifapplicableinmm/hr)fromO.O0000(Hax)to O.O0000(Nin)

O.O0000(degC)

SampleData:

Typesof Naterialstobe Processed:Variousfluidssuchas siliconoil.

NaximumNumberof Samp|eProcessed: i

HaximumSampleDimensions(cm): I.O0000HeightX I.O0000WidthX 1.00000Length(note:if height: widththenisDia.)

Pressure Data:
Operational Pressures (Atm) from l.O0000(Hax) to l.O0000(Hin)



GeneralInformationof RACOStudy

Date:O3/Ot/88 ExperimentalFacilities Page:t-63
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Facility/HardwareName:ThreeAxisAcousticLevitator Abbr:3kAL NASACode:EN NASACenter:JPL

DevelopmentStatus:D Sponsor:NASA

A : UnderStudy

B : InDefinition

C : BeingFabricated

D : ExistingHardware
...................................................................................................................................
...................................................................................................................................

Purpose:Tostudytheeffectsof three-dimensionalacousticenergyon dropletfusion,fission,oscillation,and rotation.

Abstract:Threeacousticdriverspositionedalongorthogonalaxesareused to suspenda dropletin an acousticalenergywell.

Pulsingor phasingof the driverspermitscontrolledoscillationsor rotations.Thisallowsthedroplettobe stirred,

generategas bubblescenterthedrop,and otherpositioning.Hultiplesamplescanbe injectedand controlledwhilecolor

or 8&W motionpicturesare obtained,whichprovideonedirectviewand two reflectedviewsonothogonalaxes.

Temperature,acousticpressureanddriverpowercan be monitored.Theapparatuspermitsthe investigationofa varietyof

fluiddynamicpropertiesandparticleinteractions.

Summaryof Capabilities:

ThermalData:

Temperatures(degC) from-0- (Max)to-O-

MaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from-O-

(Hin) with a HaximumTemperatureDelta of-U-

(Max) to -0- (Min)

(degC)

SampleData:

Typesof Materialsto be Processed:Lowviscosityfluids

HaximumNumberof SampleProcessed: !
HaximumSampleDimensions(cm): 2.50000HeightX £.50000WidthX 2.50000Length(note:ifheight: widththenis Oia.)

Pressure Data:
Operational Pressures (Arm) from 1.00lO0(Nax) to 1.00000(Nin)
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Facility/HardwareName:VaporCrystalGrowthSystem Abbr:VCGS NASACode:EN NASACenter:MSFC

DevelopmentStatus:D Sponsor:NASA

A : UnderStudy

B : InDefinition

C : BeingFabricated

D = ExistingHardware
___________________________________________________________________________________________________________________________________

Purpose:Toprovidean apperatusin whichtogrowsinglecrystalsinorbitby vaportransportwhileinhibitingdefects.

Abstract:TheVOGSfurnacecontains3 seperateheatingelements:thesourceheater,theringheater,and thestingheater.The seed

crystaland sourcemateria|arecontainedin a sealedampou|e.Sourcematerialfor thevaportransportprocessis

positionedan theampoulesidewail,whiletheseedcrysta|ispositionedon a pedestalat thebottomof the ampoule.The
sourceheaterwarmsthe ampouleand sourcematerialGrowthiscontrolledby adjustingthe temperatureof the ring

heater,whichsurroundsthe stinand keepsthisareawarmerthanthe seedcrystal.Thestingheaterkeepsthe crystalat

coolertemperaturesso thatthehot vaporsfromthesourcematerialwillcrystallizeon the seed'ssurface.

Summaryof Capabilities:

ThermalData:

Temperatures(degO) from 120.O00(Max)to lOO.O00(Hin)witha MaximumTemperatureDeltaof

MaximumCoolingRate(watts):-O-
Translationrates(ifapplicablein mm/hr)from-O- (Max)to-0- (Hin)

80.O000(degC}

SampleData:

Typesof Materialstobe Processed:Electro/optical,semiconductors

MaximumNumberof SampleProcessed: i
MaximumSampleDimensions(cm): B.O0000HeightX 8.00000WidthX Ii.O000Length(note:if height= widththenisDia.)

PressureData:

OperationalPressures(Atm)from 1.50000(Max)to O.O0000(Nin)
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Facility/HardwareName:ZeoliteCrystalGrowth Abbr:ZCG NASACode:It NASACenter:HSFC

DevelopmentStatus:A Sponsor:Clarkson CCDS/NASA
A : UnderStudy
8 : In Definition

C : BeingFabricated

D : ExistingHardware
..................................................................... . .............................................................
...................................................................................................................................

Purpose:Tostudythemixingandgrowthof zeolitesin themicrogravityconditionsof space.

Abstract:Thisfacilityallowthe Zeolitestogrowfromtheresolutionsina temperaturecontrolledenvironment.Thecrystalsare

limitedinsizeandshapeon Earthbecauseof theweightof the crystalsis greaterthanthe solutiontheyare grownfrom

and,therefore,theyfallout of solutionand settle4inthebottomof thechamber.In themicrogravityenvironmentof
spaceitis possibletogrowlargerand defectfreecrystals.

SummaryofCapabilities:

ThermalData:

Temperatures(degC) from-0- (Max)to-O-

HaximumCoolingRate(watts):-O-

Translationrates(ifapplicablein mm/hr)from-O-

(Min)witha MaximumTemperatureDeltaof-O-

(Max)to-0- (Win)

(degC)

SampleData:

Typesof Haterialsto be Processed:-O-

HaximumNumberofSampleProcessed:-O-

HaximumSampleDimensions(cm):-0- HeightX-O- NidthX-O- Length(note:ifheight: widththenis Dia.)

Pressure Data:

OperationalPressures(Atm)from-0- (Max)to-0- (Min)



MMPF/RACO Preliminary Data Release
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2. EXPERIMENTAL FACILITY DATA

This section contains the resource requirements for each of the individual

facilities/experiments in the RACO data base. There are 65 payloads in the data base. Each

payload will have a Physical Table, a Power/'l'hennal Table, a Material Table, a Data Table,

and a Functional Flow Timeline. This data base is given in Section 2.1. This section also

includes a Summary of User Requirements in Section 2.2. This summary is based on the

information given in the Requirements Synopsis Sheets. These sheets summarized the data

in the RACO data base. For those requirements for hardware not yet developed, these

estimates are based on the best information available at the time of this publication. The

results are preliminary and will be refined as the hardware definition develops.



MMPF/RACOPreliminaryDataRelease
Issue:03/03/88

2.1 RACO DATA BASE

This sectioncontains the RACO data base. The 65 facilitiescovered in the RACO

data base are given in Table 2-I. In order tocomplete the timelineanalysisin Section 3.2,

itwas necessary toreduce thedata base to a smaller setthatcould be completed in a more

timely fashion. A setof 16 facilitieswas selectedbased on hardware availability,funding

level,availabilityof published data,and desireamong the scientificcommunity to conduct

similarexperimentation. For thissetof 16 facilitiesa Physical Table, a Power/Thermal

Table, a Material Table, a Data Table,and a Functional Flow have been cornpleted.The

resource requirements for thisset were primarily based on the requirements for past

experimentation inthe case of hardware thathas flown. Since many of theserequirements

were tied to a mission-peculiar shuttle allotment, it should be expected that future

experimentation may requiremore resources with respectto power, data,materials,and

venting. In the case of hardware thathas not flown, the resource requirements are based

on the currentdesign or flightrequest.The remaining 49 facilitiesare under study.



Date:03/02/88

TABLE 2.1

PAYLOADS IN

RACO DATABASE Page A- 1

No.l Acronym I

1 ACES

2 ALF

3 AADSF

4 ADSF

5 BBU

6 CVT

7 CFES

8 CHF

9 CFLSE

I0 DMOS

Ii DSF

12 DDM

13 DCE

14 DTD

15 EDEP

16 ECG

17 EML

18 EOS

19 FZCGF

20 FEA

21 FES

22 GDFE

23 GFGAS

24 G-GPRF

25 GHF

26 HAL

Item

ACOUSTIC CONTAINERLESS EXPERIMENT SYS.

Acoustic Levitation Furnace

Ad. Automated Directional Solidification

AUTOMATED DIRECTIONAL SOLIDIFICATION

BUBBLE BEHAVIOR UNIT

CHEMICAL VAPORT TRANSPORT

CONTINUOUS FLOW ELECTROPHORESIS SYSTEM

CONTINUOUS HEATING FURNANCE

CRITICAL FLUID LIGHT SCATTERING EXP.

DIFFUSIVE MIXING OF ORGANIC SOLUTIONS

DIRECTIONAL SOLIDIFICATION FURNACE

DROP DYNAMICS MODULE

DROPLET COMBUSTION EXPERIMENT

DROPLET TECHNOLOGY DEMONSTRATION

Electrodeposition

Electroepitaxial Crystal Growth

ELECTROMAGNETIC LEVITATOR

ELECTROPHORESIS OPERATIONS IN SPACE

FLOAT ZONE CRYSTAL GROWTH FACILITY

FLUIDS EXPERIMENT APPARATUS

FLUIDS EXPERIMENT SYSTEM

GAS-JET DIFFUSION FLAMES EXPERIMENT

Gradient Furnace for Get-Away-Special

GRADIENT GENERAL PURPOSE ROCKET FURNACE

GRADIENT HEATING FURNANCE

HIGH TEMPERATURE ACOUSTIC LEVITATOR

: Phase : Code Center

D EN

D na

C IC/EN

D EN

D na

C IC

D IC

A na

C EN

D IC

B IC

D EN

C EN

D EN

D Code C

A IC

D EN

D IC

A

D IC

D EN

B EN

B EN

D EN

A na

B EN

JPL

na

MSFC

MSFC

na

MSFC

MSFC

na

JPL

MSFC

LeRC

JPL

LeRC

LeRC

MSFC

MSFC

MSFC

MSFC

MSFC

MSFC

MSFC

LeRC

LeRC

MSFC

na

MSFC
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TABLE 2.1

PAYLOADS IN

RACO DATABASE Page A- 2

No.: Acronym I

----m

27 IMF

28 IBSE

29 IEF

30 IDGE

31 I-GPRF

32 IHF

33 LPE

34 LIF

35 LDF

36 MIS

37 MCU

38 MGM

39 -0-

40 MHF

41 MLRS

42 MWEU

43 MEPF

44 NLOM

45 NLOOC

46 NLOTF

47 NFF-I

48 OPCGF

49 OPPE

50 OCF

51 ORSEP

52 PCCE

Item

Image Furnace

INITIAL BLOOD STORAGE EXPERIMENT

Isoelectric Focusing

Isothermal Dendritic Growth Experment

ISOTHERMAL GENERAL PURPOSE ROCKET FURN.

ISOTHERMAL HEATING FURNANCE

Lambda Point Experiment

LARGE ISOTHERMAL FURNANCE

LIQUID DROP EXPERIMENT FACILITY

Magnetic Isolation System

MARANGONI CONVECTION UNIT

Mechanics of Granular Materials

MEPHISTO

MIRROR HEATING FURNANCE

Monodisperse Latex Reactor System

Moving Wall Electrophoresis Unit

Multiple Experiment Processing Furnace

Non-Linear Optical Monomers

Non-Linear Optical Organic Crystals

Non-Linear Optical Thin Films

Normal Freezing Furnace-i

Organic & Polymer Crystal Growth Facil.

Organic and Polymer Processing Exper.

ORGANIC CRYSTAL GROWTH EXP. FACILITY

Organic Separations

Particle Cloud Combustion Experiment

: Phase : Code : Center

D na na

D EN JSC

D EN MSFC

C EN LeRC

D EN MSFC

D na na

C EN JPL

A na na

C na na

C IC

D na na

C EN

D na na-

D na na

D EN MSFC

A EN MSFC

C IC MSFC

C Code C MSFC

C Code C MSFC

C Code C MSFC

C IC MSFC

B IC MSFC

D IC MSFC

C EN MSFC

C Code C MSFC

C EN LeRC
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TABLE 2.1

PAYLOADS IN

RACO DATABASE Page A- 3

No.: Acronym :

53 PPE

54 PVTOS

55 PCGI

56 PCG2/3

57 PCG4

58 SAAL

59 SSCE

60 SURF

61 SCES

62 STDCE

63 3AAL

64 VCGS

65 ZCG

Item

Phase Partitioning Experiment

Physical Vapor Transport Of Organic Sol.

Protein Crystal Growth I

Protein Crystal Growth II/III

Protein Crystal Growth IV

Single Axis Acoustic Levitator

Solid Surface Combustion Experiment

Space Ultra-Vacuum Reasearch Facility

Static Column Electrophoretic Separator

Surface Tension Driven Convection Exp.

Three Axis Acoustic Levitator

Vapor Crystal Growth System

Zeolite Crystal Growth

: Phase : Code : Center

D EN MSFC

D IC MSFC

D EN MSFC

C EN MSFC

B EN MSFC

D EN MSFC

C EN LeRC

B IC MSFC

D EN MSFC

C EN LeRC

D EN JPL

D EN MSFC

A IC MSFC
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Facility/HardwareName:Ad.AutomatedDirectionalSolidification Abbr.:AADSF

The facilityhas the followingphysicalchacateriscics:

Height(m): 1.20000

Width(m): 0.60000

Depth(m): 0.60000

_ass(kg): 120.000

The facility storage requirements:Storageof subsystem spares and user provided samples/materials
Required storage volume(cu m): O.OSO00

SomeAreasof interst:

Doesthisfacilityfit ina standardrackY/N ?: y

IfYes,thenis ita single(s)or double(d)rack:s

Doesthe facilityfit intoa std.mid decklockerY/N:

If Yes,thenhow manydoes thisfacilityrequire:
If thereis someotherstandardcarrierthatthefacilitywill

mount in, describe:EAC/MSL
Doesthe facilityprotrudeintotheisleor racksubsystemvolume(y/n):n

Describe any protrusions into the isle or subsystemvolume:none
Describethefollowingif theyexistin the facility:

Pressurevessels:EAC,typevessel

Windows:none

Otherfracturerisks:ampoulescouldfailin theEAC.

Specialmounts:Thesystemshouldbe mountedso thesampleslengthisparallelto the

gravityvector.



........................................................................................ m ..........................................

The facilitystoragerequirements:30kg,one middecklocker

Requiredstoragevolume(cum): 0.00300

SomeAreasof interst:

Doesthisfac£1Jtyfit ina standardrackY/N ?: y
If Yes,thenisit a single(s)or double(d)rack:d

ODesthe facilityfit intoa std.mid decklockerY/N:

If Yes,thenhow manydoes thisfacilityrequire:

If thereis someotherstandardcarrierthatthe facilitywill

mountin, describe:middeckgalley

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):y
Describeany protrusionsintothe isleor subsystemvolume:thefurnacecannisters

Describethe followingiftheyexistinthe facility:

Pressure vessels:ampoule,furnace wall
Nindows:-O-

Otherfracturerisks:-O-

Specialmounts:-O-
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....................................................................................................................................

Facility/HardwareName:DiffusiveMixingof OrganicSolutions Abbr.:DMOS
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

The facilityhas the followingphysicalchacateriscics:

Height(m):-O-

Width(m):-O-

Depth(m):-O-

Mass(kg):-O-

The facilitystoragerequirements:Reactorsare housedinEACsand returnedinthe samecontainer.

Requiredstoragevolume(cum):-O-

SomeAreasof interst:

Doesthisfacilityfit in a standardrackY/N7: y

IfYes,thenis ita single(s)or double(d)rack:s

Doesthe facilityfit intoa std.mid decklockerY/N:

IfYes,thenhow manydoesthisfacilityrequire:

Ifthereis someotherstandardcarrierthatthe facilitywill

mountin,describe:-O-

Doesthe facilityprotrudeintothe isleor racksubsystemvohme (y/n):n

Describeany protrusionsintotheisleor subsystemvolume:-O-

Describethe followingiftheyexistin the facility:
Pressurevessels:EAt

Windows:no

Otherfracturerisks:-O-

Specialmounts:-O-
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Facility/HardwareName:ELECTROEPITAXIALCRYSTALGRORTH kbbr.:EOG

The facilityhas the followingphysicalchacateriscics:

Height(m): 3.18000
Width(m): 0.SgO00

Depth(m): 1.52000

Mass(kg): 1865.00

The facilitystoragerequirements:-O-

Requiredstoragevolume(cum):-O-

SomeAreasof interst:

Doesthisfacilityfit in a standardrackY/N?: Y

IfYes,thenis ita single(s)or double(d)rack:D

Doesthe facilityfit intoa std.mid decklockerY/N:

IfYes,thenhow manydoesthisfacilityrequire:

If thereissomeotherstandardcarrierthatthe facilitywill

mountin,describe:-O-

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):N

Describeany protrusionsintotheisleor subsystemvolume:-O-

Oescribethefollowingif theyexistin the facility:
Pressurevessels:-O-

Windows:-O-

Otherfracturerisks:-O-

Specialmounts:REOUIRES3 DOUBLERACKS.



Thefacility storagerequirements:noneas configured
Requiredstoragevolume(cum):-O-

SomeAreasof interst:

Doesthisfacilityfit ina standardrackY/N?: y

IfYes,thenis ita single(s) ordouble(d)rack:s

Doesthe facilityfit intoa std.mid decklockerY/N:
IfYes,thenhow manydoesthisfacilityrequire:

If thereissomeotherstandardcarrierthatthefacilitywi11

mountin,describe:designedforcargobay.

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):n

Describeanyprotrusionsintothe isleor subsystemvolume:-O-

Describethefollowingif theyexistin the facility:
Pressurevesseis:lOE-gtorrchamber

Windows:-O-

Otherfracturerisks:-O-

Specialmounts:-O-

I

I
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Facility/HardwareName:FloatZoneCrystalGrowthFacility Abbr.:FZCGF

The facilityhas the followingphysicalchacateriscics:

Height(m):-O-

Width(m):-O-

Depth(m):-O-

Mass (kg):-O-

Thefacilitystoragerequirements:Sampleand supportequipmentarehousedin anEAC.

Requiredstoragevolume(cum):-O-

SomeAreas.ofinterst:

Doesthisfacilityfitin a standardrackY/N ?:y

IfYes, thenis ita single(s)ordouble(d)rack:s

Doesthe facilityfit intoa std.mid decklockerY/N:

IfYes,thenhowmanydoesthisfacilityrequire:

If thereissomeotherstandardcarrierthatthefacilitywill

mountin,describe:n/a

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):n

Describeanyprotrusionsintothe isleor subsystemvolume:n/a

Describethefollowingif theyexistin the facility:

Pressure vessels:EkC
Windows:no

Other fracture risks:ampoule
Special mounts:n/a
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Facility/HardwareName:FluidExperimentSystem Abbr.:FES

The facilityhas thefotlowingphysicalchacateriscics:

Height(m): 1.50000

Nidth(m): 1.I0000

Depth(m): 0.70000

_ass (kg): 493.400

The facilitystoragerequirements:Requires122.6kg of storeditems.Fes testcells,filmmagazine,fuses,etc.

Requiredstoragevolume(cum): 0.27000

SomeAreasof interst:

Doesthisfacilityfit in a standardrackY/N ?: y

IfYes,thenis ita singIe(s)or double(d)rack:d

Doesthe facilityfitintoa std.mid decklockerY/N:

IfYes,thenhow manydoesthisfacilityrequire:

Ifthereis someotherstandardcarrierthatthe facilitywi11

mountin, describe:Spacelabdoublerack

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):n

Describeany protrusionsintothe isleor subsystemvolume:-O-

Describethefollowingif theyexistin the facility:
Pressurevessels:-O-

Windows:testcell

Otherfracturerisks:Opticalcomponentstoopticalbench

Specialmounts:-O-
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Facility/HardwareName:HIGHTEHPERATUREACOUSTICLEVITATOR Abbr.:HAL

The facilityhas the followingphysicalchacateriscics:

Height(m): [.58000

Width(m): 1.06000

Depth(m): 0.86000

Mass(kg): 295.000

The facilitystoragerequirements:STORAGEOF SAMPLECARTRIDGESOF ISTO 30 SAMPLES.

Requiredstoragevolume(cum): O.OIO00

SomeAreasof interst:

Doesthisfacilityfitin a standardrackY/N ?: Y

IfYes,thenis it a single(s)ordouble(d)rack:O

ODesthe facilityfit intoa std.mid decklockerY/N:

IfYes,thenhowmanydoes thisfacilityrequire:

If there-issomeotherstandardcarrierthatthe facilitywill

mountin,describe:-O-

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):N

Describeanyprotrusionsintothe isleor subsystemvolume:-O-

Describethe followingif theyexistin the fac}lity:
Pressurevessels:-O-

Nindows:-O-

Other fracture risks:GLASSSAMPLES

Specialmounts:-O-
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Facility/HardwareName:LIQUIDDROPEXPERIMENTFACILITY Abbr.:LDF

The facilityhas thefollowingphysicalchacateriscics:

Height(m): 0.35680
Width (m): 0.52600

Depth (=): 0.55000
Mass(kg): 28.0000

The facilitystoragerequirements:STOREDIN THE FACILITY.

Required storage volume (cu m): 0.00000

SomeAreasof interst:

Doesthisfacilityfit ina standardrackY/N?: Y

If Yes,thenis ita single(s)or double(d)rack:S

Doesthe facilityfit intoa std.mid decklockerY/N:

IfYes,thenhow manydoesthisfacilityrequire:
If thereis someotherstandardcarrierthatthe facilitywill

mountin,describe:NONE

Doesthe facilityprotrudeintothe isleor racksubsystemvo|ume(y/n):Y

Describeany protrusionsintotheisleor subsystemvolume:HANDWHEELSINTRUDEINTOTHE ISLE3 IN.

Describethe followingif theyexistin the facility:

Pressurevessels:NONE

Windows:VIEWINGWINDOW

Otherfracturerisks:NONE

Specialmounts:NONE



Thefacility storagerequirements:REFERGERATEDSTORAGE(10 TO 14DEG C)OF BIOMATERIAL.

Requiredstoragevolume(cum): 0.00400

SomeAreasof interst:

Doesthisfacilityfit ina standardrackY/N?: Y

If Yes,thenisit a single(s)or double(d) rack:S

Doesthe facilityfit intoastd. mid decklockerY/N:

If Yes,thenhow manydoesthisfacilityrequire:

If there is someother standard carrier that the facility will
mount in,describe:SPACELA8SINGLERACK

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):N

Describeany protrusionsintothe isleor subsystemvolume:-O-

Describethe followingif theyexistin the facility:
Pressurevessels:l.lATM SEPAR.CHMR.

Windows:POLYCARBONATEPLT.

Otherfracturerisks:NO

Specialmounts:-O-
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................................................................................................................................ ---

Facility/Hardware Name:HultipleExperimentProcessingFurnace Abbr.:MEPF

Thefacilityhas thefollowingphysicalchacateriscics:

Height(m): l.SO000

Width(m): 0.40000

Depth(m): 0.40000

Hass(kg): 250.000

____ ...............................................................................................................................

The facilitystoragerequirements:samplecarouselwith20 samples,Heliumtanksforquenching

Requiredstoragevolume(cum):-O-

SomeAreasof interst:
Doesthisfacilityfit in a standardrackY/N?: y

IfYes,thenis ita single(s) ordouble(d)rack:d

Doesthe facilityfit intoa std.mid decklockerY/N:

IfYes,thenboamanydoesthisfacilityrequire:
Ifthereis someotherstandardcarrierthatthe facilitywill

mountin,describe:designedforHSL (EAC)

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):y

Describeany protrusionsintothe isleor subsystemvolume:samplecarouselmay protude

Describethefollowingiftheyexistin the facility:

Pressurevessels:ampoule,EAC

Windows:no

Otherfracturerisks:2500psi He tanksfor quenching

Specialmounts:Facilitymustbe reconfiguredfor standardrack.



The facility storage requirements:2 Furnacesystems, control and data aquisition system.

Required storage volume(cu m):-O-

SomeAreas of interst:

Doesthis facility fit in a standard rack Y/N ?: y
If Yes, then is it a single (s) or double (d) rack: d
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then howmanydoes this facility require:

If there is someother standard carrier that the facility will
mount in, describe:EAt

Doesthe facility protrude into the isle or rack subsystemvolume(y/n): n

Describe any protrusions into the isle or subsystemvolume:n/a
Describethefollowingiftheyexistin thefacility:

Pressure vessels:ampoule
Windows:no

Other fracture risks:ampou|e failure

Special mounts:n/a
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Facility/HardwareName:Organicand PolymerCrystalGrowthfac. Abbr.:OPCGF

The facilityhas the followingphysicalchacateriscics:

Height(m_:-O-

Nidth(m):-O-

Depth(m):-O-

Mass (kg):-O-

The facilitystoragerequirements:samplesstoredinEAC and samplecontainers

Requiredstoragevolume(cum):-O-

SomeAreas of interst:

Doesthisfacilityfit in a standardrackY/N ?: y

IfYes,thenis it a single(stor double(d)rack:d

Doesthe facilityfit intoa std.mid decklockerY/N:

IfYes,thenhowmanydoes thisfacilityrequire:

If thereis someotherstandardcarrierthatthe facilitywill

mountin,describe:-O-

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):n

Describeany protrusionsintothe isleor subsystemvolume:-O-

Describethe followingiftheyexistin thefacility:
Pressurevessels:no

Windows:-O-

Other fracture risks:-O-

Specialmounts:-O-



Thefacility storagerequirements:-O-
Requiredstoragevolume(cu m):-O-

SomeAreasof lnterst:

Doesthisfacilityfit in a standardrackY/N ?:Y
IfYes,thenis ita single(s)or double(d)rack:S

Doesthe facilityfit intoa std.mid decklockerY/N:

IfYes,thenhow manydoesthisfacilityrequire:

If thereissomeotherstandardcarrierthatthefacilitywill

mountin,describe:-O-

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):N

Describeany protrusionsintothe isleor subsystemvolume:-O-

Describethe followingif theyexistin thefacility:

Pressurevessels:Testceils,EAC
Windows:-O-

Otherfracturerisks:ceilscontainedin EAC

Specialmounts:-O-
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Facility/HardwareName:ProteinCrystalGrowthIV Abbr.:PeG-IV

The facilityhas thefollowingphysicalchacateriscics:

Height(m): 1.60000

Width(m): 0.40000

Depth(m): 0.70000

Mass(kg): 120.000

........................ -............. .............................................................................................

The facilitystoragerequirements:Storageof 8 kg of reservoirsolutions,proteinbuffers,alsts,etc.

Requiredstoragevolume(cum): 0.01000

SomeAreasof interst:

Doesthisfacilityfit ina standardrackY/N?: y

IfYes,thenis ita single(s)or double(d)rack:s

Doesthe facilityfit intoa std.mid decklockerY/N:

IfYes,thenhow manydoesthisfacilityrequire:

Ifthereissomeotherstandardcarrierthatthe facilitywill

mountin,describe:-O-
Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):y

Describeany protrusionsintothe isleorsubsystemvolume:Roboticsamplemechanism

Describethe followingiftheyexistin thefacility:
Pressurevessels:-O-

Windows:-O-

Otherfracturerisks:Glasscontainers

Specialmounts:Hustbe mountedsuchthatroboticsarm has forwardclearanceof at least20

cm.
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Facility/HardwareName:ThreeAxisAcousticLevitator Abbr.:3AAL

The facilityhas the followingphysicalchacateriscics:

Height(m): 0.70000

Width(m): 0.40000

Depth(m): 0.40000

Mass(kg): 125.000

The facilitystoragerequirements:-O-

Requiredstoragevolume(cum):-O-

SomeAreasof interst:

Does thisfacilityfitin a standardrackY/N ?: Y

If Yes,thenis it a single(s)ordouble(d)rack:S

Doesthe facilityfitintoa std.mid decklockerY/N:

IfYes, thenhowmanydoes thisfacilityrequire:

Ifthereis someotherstandardcarrierthatthe facilitywill

mountin,describe:Ekecannisteron the NSL

Doesthe facilityprotrudeintothe isleor racksubsystemvolume(y/n):-

Describeany protrusionsintothe isleor subsystemvolume:-O-

Describethe followingif theyexistin the facility:
Pressurevessels:EkC

Nindows:-O-

Otherfracturerisks:-O-

•Specialmounts:ItemdesignedforHSL.Mustbe modifiedfor rack.
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Facility/Hardware Name:VaporCrystal GrowthSystem Abbr.:VCGS
...................................................................................................................................
...................................................................................................................................

The facility has the following physical chacateriscics:
Height (m): 2.00000
Width (m): 0.40000

Depth (m): 0.50000
Mass (kg): 74.2100

The facility storage requirements:VCGSexperiment modulesat 4 kg each, [S.O x 9.5 x 9.5 per run.
Requiredstorage volume (cu m): 0.00170

SomeAreasof interst:

Doesthisfacilityfit in a standardrackY/N ?:y

If Yes,thenis ita single(s)or double(d)rack:s

Doesthe facilityfitintoa std.mid decklockerY/N:

If Yes,thenhow manydoes thisfacilityrequire:

If thereis someotherstandardcarrierthatthe facilitywill

mountin,describe:singlespacelabrack

Doesthe facility protrude into the isle or rack subsystemvolume(y/n): y

Describe any protrusions into the isle or subsystemvolume:Microscopepertrudes 16.5 cm.
Describethe followingif theyexistin the facility:

Pressurevessels:ampoule

gindows:-O-

Otherfracturerisks:-O-

Specialmounts:Mustbemodifiedfor SpaceStationrack.RequiresFES hardwaretoprovide

powerand control. G
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Facility/HardwareName:Ad.AutomatedDirectionalSolidification Abbr:AADSF

The facilityhas thefollowingpowersystemrequirements:

AC (watts):O.O0000ACVoltage:O.O0000kgFrequency(Hz):

DO (watts):IO00.OODCVoltage: 28.0000

0.00000AC Phase: 0

The facilityhas the followingspecialpowersystemrequiements:
TheAADSFmusthavea Powerconditioner.

The facilityhas the followingpowersystemfailurerequirements:

The experimentwouldbe lost,noHazards

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:

Avionicsthermalload(watts): 200.000 IdealAir temperature(degC): S.O0000

Surfacetemperatureof theair cooleditem(degC): 1400.O0(Hax) 200.000(Hin)

FluidLoopSystem:

Fluidloopthermalload(watts): 800.000

Temperaturesof the fluidcooleditem(degC): 90.O000(Hax)

Highesttemperatureof thefluidleavingthe item(degC): S.O0000

OtherCooling:

Othersystemthermalload(watts): i00.000

Othersystemdescription:Argon

Temperatureof thecooleditems(degC): lO0.O00(Hax)

Idealfluidtemperature(degC): 20.0000

2.00000(Hin)

0.00000(Hin)
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Facility/HardwareName:ChemicalVaporTransport Abbr:OVT

The facilityhas the followingpowersystemrequirements:

AC (watts):ISO.O00ACVoltage:-O- AC Frequency(Hz): S40.O00kO Phase:-O-

DO (watts):ISO.O00DCVoltage:28.0000

The facilityhas the followingspecialpowersystemrequiements:

-O-

The facilityhas the followingpowersystemfailurerequirements:

Iossof cooling

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:
Avionicsthermalload(watts): 150.000 IdealAir temperature(deg_): 20.0000
Surfacetemperatureof theair cooleditem(degC): 7_.O000(Max) 28.0000(Min)

FluidLoopSystem:
Fluidloopthermalload(watts): 480.000 Idealfluidtemperature(deg_): 80.0000

Temperaturesof the fluidcooleditem(deg_): SO0.O00(Max) 80.0000(Min)

Highesttemperatureof the fluidleavingthe item(degC): 40.0000

OtherCooling:
Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof thecooleditems(degC): -0- (Max) -0- (_in)



Facility/HardwareName:DiffusiveNixingof OrganicSolutions Abbr:DHOS

The facilityhas thefollowingpower systemrequirements:

AC (_atts):-O- ACVoltage:-O- ACFrequency (Hz):-O-
DC (watts):-O- DC Voltage:28.0000

AC Phase:-O-

The facilityhas the followingspecialpowersystemrequiements:

Operational power for the GEH

The facilityhas the followingpowersystemfailurerequirements:

Discontinuityinmixingof solutions.

The facilityhas thefollowingthermalsystemrequirements:

AvionicsSystem:

Avionicsthermalload(watts):-O- IdealAir temperature(degC):-O-

Surfacetemperatureof the aircooleditem(degO):-O- (Hax) -0- (Hin)

FluidLoopSystem:

Fluidloopthermalload(watts):-O- Idealfluidtemperature(degC):-O-

Temperaturesof the fluidcooleditem(degO): -0- (Max) -0- (Hin)

Nighesttemperatureof thefluidleavingthe item(degC):-O-

OtherCooling:

Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof thecooleditems(degC): -0- (Max) -0- (Min)
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The facilityhas the followingpowersystemrequirements:

AC (watts):O.O0000ACVoRage:-O- AC Frequency(Hz):-O-

DC (watts):6000.OODCVoltage: 28.0000

The facilityhas the followingspecialpowersystemrequiements:

PARALLELOPERATIONUPTO27 KW.

The facilityhas the followingpowersystemfailurerequirements:

-0-

AC Phase:-O-

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:
AvioBicsthermalload(watts):-O- IdealAir temperature(degC):-O-

Surfacetemperatureof theair cooleditem(degC):-O- (Max) -0- (Min)

FluidLoopSystem:
Fluidloopthermalload (watts): 6000.00 .Idealfluidtemperature(degC): 4S.0000

Temperaturesof the fluidcooleditem (deg_): 300.O00(Max) 20.0000(Hin)

Highesttemperatureof thefluidleavingtheitem(degC): 20.0000

OtherCooling:

Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof thecooleditems(degC): -0- (Max) -0- (Hin)
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Facility/HardwareName:ElectromagneticLevitator Abbr:EML

The facilityhas the followingpowersystemrequirements:

AC (watts):-O- ACVoltage:-O- AC Frequency(Hz):-O-

DC (watts):1204.000CVoltage:28.0000

ACPhase:-O-

The facilityhas the followingspecialpowersystemrequiements:
-0-

The facilityhas the followingpowersystemfailurerequirements:
-0-

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:

Avionicsthermalload(watts):-O- IdealAir temperature(degC):-O-

Surfacetemperatureof the aircooleditem(degC):-O- (Max) -0- (Min)

FluidLoopSystem:

Fluidloopthermalload(watts): 1204.00 Idealfluidtemperature(degC): 80.0000

Temperaturesof the fluidcooleditem (degC): 600.O00(Max) i00.000(Min)

Highesttemperatureof thefluidleavingtheitem(degC): 40.0000

otherCooJ£ng:

Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof thecooleditems(degC): -0- (Max) -0- (Min)



PowerInformationOf RACOStudy

Date:03/Ol/88 ExperimentalFacilities Page:3- 6

Facility/HardwareName:FloatZoneCrystalGrowthFaciltiy Abbr:FZCGF

The facilityhas thefollowingpowersystemrequirements:

AC (watts):-O- AC Voltage:-O- ACFrequency(Hz):-O-

OC (watts):-O- DCVoltage: 28.0000

The facilityhas the followingspecialpowersystemrequiements:

sampleheat-uptoproducefloatzone.

The facilityhas the followingpowersystemfailurerequirements:

-0-

ACPhase:-O-

The facilityhas the followingthermalsystemrequlrements:

AvionicsSystem:
Avionicsthermalload(watts):-O- IdealAir temperature(degC):-O-

Surfacetemperatureof theair cooleditem(degC):-O- (Hax) -0- (Hin)

FluidLoopSystem:
Fluidloopthermalload(watts):-O- Idealfluidtemperature(degO):-O-

Temperaturesof the fluidcooleditem (deg0): -0.- (Hax) -0- (Hin)

Highesttemperatureof thefluidleavingtheitem (degO):-O-

OtherOoo[ing:
Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof the cooleditems(deg0): -0- (Max) -0- (Hin)
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Facility/Hardware Name:Fluid ExperimentSystem Abbr:FES

The facility has the following powersystemrequirements:
AC (watts):694.000ACVoltage:-O- AC Frequency(Hz):-O-

DC (watts):7go.o00oCVoltage:28.0000

AC Phase:-O-

The facilityhas the followingspecialpowersystemrequiements:
-0-

The facilityhas thefollowingpowersystemfailurerequirements:
"0-

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:

Avionicsthermalload(watts): 519.000 IdealAir temperature(degC): I0.0000

Surfacetemperatureof theair cooleditem(degC): 200.O00(Hax). IS.O000(Min)

FluidLoopSystem:

Fluidloopthermalload(watts): 3028.00 Idealfluidtemperature(degC): 20.0000

Temperaturesof the fluidcooleditem(degC): 60.O000(Hax) IS.O000(Hin)

Highesttemperatureof thefluidleavingthe item(degC): IO.O000

OtherCooling:

Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof thecooleditems(degC): -0- (Max) -0- (Min)
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Facility/HardwareName:HIGHTEMPERATUREACOUSTICLEVITATOR AbbF:HAL

...................................................................................................................................

The facilityhas the followingpowersystemrequirements:

kC (watts):120.O00ACVoltage:-O- ACFrequency(Hz):-O-

DC (watts):2880.000CVoltage: 28.0000

The facilityhas the followingspecialpowersystemrequiements:

-0 o

The facilityhas the followingpowersystemfailurerequirements:

-0-

AC Phase:-O-

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:
Avionicsthermalload(watts): 120.000 IdealAir temperature(degC): 20.0000

Surfacetemperatureof theair cooleditem(degC): 4S.O000(Max) 20.0000(Min)

FluidLoopSystem:
Fluidloopthermalload(watts): 2880.00 Idealfluidtemperature(degC): 90.0000

Temperaturesof thefluidcooleditem(degC): SO0.O00(Max) 100.000(Min)

Highesttemperatureof the fluidleavingthe item(degC): 4LO000

OtherCooling:

Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof thecooleditems(deg0): -0- (Max) -0- (Min)
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Facility/HardwareName:LIQUIDDROPEXPERIMENTFACILITY Abbr:LDF

The facilityhas the followingpowersystemrequirements:

AC (watts):O.O0000ACVoltage: O.O0000ACFrequency(Hz):

DC (watts):33.8000DCVoltage: 28.0000

0.00000AC Phase: 0

The facilityhas thefollowingspecialpowersystemrequiements:

NONE

The facilityhas the followingpowersystemfailurerequirements:

LOSSOF EXPERIMENT,FACILITYWILLBE OK.

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:

Avionicsthermalload(watts): 170.000 IdealAir temperature(degC): 15.0000

Surfacetemperatureof theair cooleditem_(degC): 20.O000(Max) 20.0000(Min)

FluidLoopSystem:

Fluidloopthermalload(watts): 0.00000 Idealfluidtemperature(degC): 0.00000

Temperaturesof the fluidcooleditem(degC): O.O0000(Max) 0.00000(Min)

Highesttemperatureof the fluidleavingthe item(degC): 0.00000

OtherCooling:

Othersystemthermalload(watts): 0.00000

Othersystemdescription:NONE

Temperatureof thecooleditems(degC): O.O0000(Max) 0.00000(Min)
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Facility/HardwareName:MOVINGWALLELECTROPHORESISUNIT Abbr:MWEU

The facilityhas thefollowingpowersystemrequirements:

AC (watts):-O- AC Vo[tage:-O- AC Frequency(Hz):-O-

DC (watts):IO00.OODCVoJtage: _8.0000

AC Phase:-O-

The facilityhas the followingspecialpowersystemrequiements:
-0"

The facilityhas the followingpowersystemfailurerequirements:

SAMPLEWOULDDIFFUSEBACKINTOTHE BUFFR

The facilityhas thefollowingtherma!systemrequLrements:

AvionicsSystem:

Avionicstherma/load (watts): 200.000 IdeaJAir temperature(degC_: I0.0000

Surfacetemperatureof the aircooteditem (degC): 45.0000(Max) 15.0000(Min)

FluidLoopSystem:

Fluidloopthermalload(watts): 800.000 Idealfluidtemperature(degC): 20.0000

Temperaturesof the fluidcooleditem (degC): 22.0000(Max) 12.0000(Min)

Highesttemperatureof thefluidleavingthe item(degC): I0.0000

OtherCooling:

Othersystemthermalload (watts):-O-

Othersystemdescription:-O-

Temperatureof thecooJeditems(degC): -0- (Max) -0- (M£n)

I

I
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Facility/HardwareName:HultipleExperimentProcessingFurnace Abbr:HEPF

The facilityhas thefollowingpowersystemrequirements:

AC (watts):-O- AC Voltage:-O- kOFrequency(Hz):-O-

DC (watts):IO00.OODCVoltage: 28.0000

AC Phase:-O-

The facilityhas the followingspecialpowersystemrequiements:
-0-

The facilityhas thefollowingpowersystemfailurerequirements:

lossof experiment

The facilityhas thefollowingthermalsystemrequirements:

AvionicsSystem:

Avionicsthermalload(watts): SSO.O00 IdealAir temperature(degC): 5.00000

Surfacetemperatureof theair cooleditem(degC): 1600.OO(Hax) 400.000(Hin)

FluidLoopSystem:

Fluidloopthermalload(watts): 9S0.000 Idealfluidtemperature(degC): 20.0000

Temperaturesof the fluidcooleditem (degC): -0- (Hax) -0- (Hin)

Highesttemperatureof thefluidleavingtheitem(degC): 5.00000

OtherCooling:

Othersystemthermalload(watts): 4920.00

Othersystemdescription:helium

Temperatureof thecooleditems(degC): lO0.O00(Hax) -0- (Hin)
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Facility/HardwareName:NormalFreezingFurnace-I kbbr:NFF-I

Thefacilityhas the followingpowersystemrequirements:

AO (watts):O.O0000kOVoltage: O.O0000ACFrequency(Hz):-O-

DC (watts):1100.OODCVoltage: 28.0000

The facilityhas the followingspecialpowersystemrequiements:

-O-

Thefacilityhas thefollowingpowersystemfailurerequirements:

lossof experiment

AC Phase:-O-

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:
Avionicsthermalload(watts): 17S.000 IdealAir temperature(degC): S.O0000

Surfacetemperatureof theair cooleditem(degC): 800.O00(Max) 400.000(_in)

FluidLoopSystem:
Fluidlooptherma!load(watts): 700.000 Idealfluidtemperature(deg_): 20.0000

Temperaturesof the f_uidcooleditem(degC): -0- (_ax) -0- (_in)

Highesttemperatureof the fluidleavingthe item(degC): S.O0000

OtherCooling:

Othersystemthermalload(watts): i00.000

Othersystemdescription:inertgas

Temperatureof thecooleditems(degC): lO0.O00(Max) -0- (Min)
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Facility/HardwareName:Organicand PolymerCrystalGrowthFac. Abbr:OPCGF

Thefacilityhas the followingpowersystemrequirements:

AC (watts):-O- kC Voltage:-O- AC Frequency(Hz):-O-

DC (watts):-O- DC Voltage:28.0000

AC Phase:-O-

The facilityhas the followingspecialpowersystemrequiements:
-0-

Thefacilityhas thefollowingpowersystemfailurerequirements:

The facilityhas thefollowingthermalsystemrequirements:

AvionicsSystem:

Avionicsthermalload(watts):-O- IdealAir temperature(degC):-O-

Surfacetemperatureof the aircooleditem(degC):-O- (HAX) -0- (Hin)

FluidLoopSystem:

Fluidloopthermalload(watts):-O- Idealfluidtemperature(degC):-O-

Temperaturesof thefluidcooleditem(degC): -0- (Hax) -0- (Hin)

Highesttemperatureof the fluidleavingtheitem (degC):-O-

OtherCooling:

Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof the cooleditems(degC): -0- (Hax) -0- (Hin)
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Facility/HardwareName:PhysicalVaporTransportof OrganicSol. Abbr:PVTOS

Thefacilityhas thefollowingpowersystemrequirements:
AC (watts):-O- ACVoltage:-O- ACFrequency(Hz):-O-

DC (watts):-O- _ Voltage: 28.0000

The facilityhas thefollowingspecialpowersystemrequiements:

"0-

Thefacilityhas thefollowingpowersystemfailurerequirements:

"0-

AC Phase:-O-

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:
Avionicsthermalload(watts):-O- IdealAir temperature(degC):-O-

Surfacetemperatureof theair cooleditem (deg_):-O- (Max) -0- (Min)

FluidLoopSystem:
Fluidloopthermalload(watts):-O- Idealfluidtemperature(degC):-O-

Temperaturesof the fluidcooleditem(degO): -0- (Hax) -0- (Hin)

Highesttemperatureof the fluidleavingthe item(degC):-O-

OtherCooling:

Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof thecooleditems(deg0): -0- (Max) -0- (Min)
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Facility/HardwareName:Protein CrystalGrowth-IV Abbr:PCG-IV

The facilityhas the followingpowersystemrequirements:

AC (watts): 160.O00ACVoltage:-O- ACFrequency(Hz):-O-

DC (watts);60.O000DCVoltage:-O-

AO Phase:-O-

The facilityhas thefollowingspecialpowersystemrequiements:

-0-

Thefacilityhas thefollowingpowersystemfailurerequirements:

Variabletempnullifiesscientificretur

The facilityhas thefollowingthermalsystemrequirements:

AvionicsSystem:

Avionicsthermalload(watts): i00.000 IdealAir temperature(degC): 18.0000

Surfacetemperatureof the aircooleditem(degC): 60.O000(Hax) 4.00000(Min)

FluidLoopSystem:

Fluidloopthermalload(watts): 120.000 Idealfluidtemperature(degC): 25.0000

Temperaturesof thefluidcooleditem(degC): 25.0000(Hax) 4.00000(Min)

Highesttemperatureof the fluidleavingtheitem(degC): 4.00000

OtherCooling:

Othersystemthermalload(watts)i-O-

Othersystemdescription:-O-

Temperatureof the cooleditems(degC): -0- (Max) -0- (Min)
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________Z_________________________________________Z________________________________________________________________________________

Facility/HardwareName:ThreeAxisAcousticLevitator Abbr:3AAL

The facilityhas the followingpowersystemrequirements:
AC (watts):-O- ACVoltage: O.O0000ACFrequency(HI):-O-

DC (watts):280.000DCVoltage: 28.0000

The facilityhas the followingspecialpowersystemrequiements:

n/a

Thefacilityhas thefollowingpowersystemfailurerequirements:

-0-

AC Phase:-O-

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:
Avionicsthermalload(watts):-O- IdealAir temperature(degC):-O-

Surfacetemperatureof the air cooleditem(degC):-O- (Max) -0- (Min)

FluidLoopSystem:
Fluidloopthermalload (watts): 280.000 Idealfluidtemperature(degC):-O-

Temperaturesof the fluidcooleditem(degC): 2S.O000(Max) -0- (Min)

Highesttemperatureof the fluidleavingthe item(degC):-O-

OtherCooling:

Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof thecooleditems(degC): -0- (Max) -0- (Min)
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Facility/HardwareName:VaporCrystaIGrowthSystem Abbr:VCGS

The facilityhas the followingpowersystemrequirements:

AC (watts):60.O000ACVoltage:-O- AC Frequency(Hz):-O-

DO(watts):458.00000Voltage:28.0000

ACPhase:-O-

The facilityhas the followingspecialpowersystemrequiements:

FES providespowerconditioning

The facilityhas the followingpowersystemfailurerequirements:

"0-

The facilityhas the followingthermalsystemrequirements:

AvionicsSystem:

Avionicsthermalload(watts): 225.000 IdealAir temperature(degC): 18.0000

Surfacetemperatureof the aircooleditem(degC): 35.0000(Max) i0.0000(Hin)

FluidLoopSystem:

Fluidloopthermalload(watts): 233.000

Temperaturesof the fluidcooleditem(degC): 120.O00(Hax)

Highesttemperatureof the fluidleavingtheitem (degC): 40.0000

OtherCooling:

Othersystemthermalload(watts):-O-

Othersystemdescription:-O-

Temperatureof the cooleditems(degO):

Idealfluidtemperature(degC): 80.0000

80.0000(Hin)

-0- (Max) -0- (Min)
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Facility/HardwareName:Ad.AutomatedDirectionalSolidification Abbr:AADSF

The followingAbbrevationsareused inthistable: Dispose:W = Waste; Phase:G : Gasoues

Source:L : Lab provided; V : Vented; L : Liquid

G : Generatedas a productof the facilityrun; C : Consumed/converted S : Solid

U : Userprovided,a specialconsumablethatisunique: in the facility:

MaterialsUsedby ThisFacilityare givenin thistable:

................._ ............................Suppliedto.................................theExperiment _ ............Discharged-f_oa-the-Exper3=ent'--
III

Haterial III ,,,
Name llSourcel Storage IMateriallBass I VolumelFIowRatelPressure:DisposelPhaselMassIVoiumelFlowRatelPressure

II I RequirementsI Phase I (kg)l(]iter):(kg/min)l(atm) I I l(kg) I (l) I (kg/min)l(atm)

..................+......+...............+........+......+.......+.........+........+.......+.....+......+......+.........+........

Air I L lOutsideRack I G I 0.224:175.001-0- I I.O00001V I G I 0.224117S.Ol-O- I0.00100

I : I I : : : :Storageofoutputmaterial:

Comments:Usedto refillthe facility. I Risk:Toxic-N Reactive-N FIammable-N I

.................. ÷ ...... ÷ ............... ÷ ........ ÷ ...... _ ....... ÷ ......... ÷ ........ ÷ ....... ÷ ..... ÷ ...... ÷ ...... ÷ ......... ÷ ........

I I l = : I I = l I I =

Argon I L 1OutsideRack : G : 0.3121175.001-0- : l.OOO001V I G : 0.3121175.01-0- 0.00100
I I I : : : : :Storageof outputmaterial:

Comments:Gasrequiredto fillenclosure. I Risk:Toxic-N Reactive-N FlammabIe-M
.................. ÷ ...... ÷ ............... ÷ ........ ÷ ...... ÷ ....... ÷ ......... ÷ ........ ÷ ....... ÷ ..... ÷ ...... ÷ ...... + ......... ÷ ........

I I I I : I I l l l l I l
CleaningFluid : L )OutsideRack : L : 0.500]0.50001-0- : l.O00_(W : L I 0.50010.5001-0- ) 1.00000

: : : : I _ I :Storageofoutputmaterial:

Comments:Usedto cleanthe facility. I Risk:Toxic-N Reactive-N Flammable-N I
................... + + + ÷ +- + + + + + + +

DistilledWater L :OutsideRack : L : 2.000:2.00OO:-O- : l.O0000:W : l :2.000:2.000:-0- 1.00000
I : : : I : :Storageof outputmaterial:

Comments:Usedtocleanthe facility. I Risk:Toxic-N Reactive-N Flammable-M
.................. ÷ ...... ÷ ............... ÷ ........ ÷ ...... ÷ ....... ÷ ......... ÷ ........ ÷ ....... ÷ ..... ÷ ...... ÷ ...... ÷ ......... ÷ ........

= = I l I l I l = I I I

Semiconductor I U )InRack I S I 0.631:0.0788_-0- : I.OO000:C : S : 0.63110.0791-0- 1.00000

Matl. I I I I : : : :Storageof outputmaterial:

Comments:Sampletobe returnedtoEarth. I Risk:Toxic-Y Reactive-N FIammable-N
..................+......+...............+........+......+.......+........+........+.......+.....+......+......+.........+........

I I I _ I I I : I I I I I

The followinggivesthe totalmassesandvolumesof materialsrequiredby thisfacility:

TotalHassInputed: 3.66630(kg) TotalVolume[nputed: 3S2.S79(liters)

TotalHassOutputed: 3.66630(kg) TotalVolumeOutputed: 352.S79(liters)

ORIGINAL PAGE IS

_)_ I_OOR QUALITY
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...................................................................................................................................

Facility/Hardware Name:ChemicalVapor Transport Abbr:CVT

The folloNing Abbrevations are used in this table: Dispose: W: Naste; Phase: G : Gasoues
Source: L : Lab provided; V : Vented; L : Liquid

G : Generated as a product of the facility run; C : Consumed/converted S : Solid

U : User provided, a special consumablethat is unique: in the facility:

Naterials Usedby This Facility are given in this table:

III Supplied to the Experiment III Discharged from the Experiment
Material II' 'II

I ............................................................... I .............................................

Name llSourcel Storage INaterial) Mass I VolumelFlouRatelPressurelDisposelPhaselNass IVolumelFtow RatelPressure
I) I Requirements I Phase I (kg))(liter))(kg/min)l (atm) I I l(kg) I (1)I (kg/min)l (atm)

.................. +...... +............... +........ + ...... +....... +......... +........ +....... +..... +...... +...... +......... ÷........

Semiconductors I U fin Facility I S I 0.1001 0.02001-0- I I.O00001C I S I 0.1001 0.0201-0- 1.00000
I I I I I : I IStorageof outputmaterial:

Comments:VariousSemiconductors ) Risk:Toxic-Y Reactive-N Flammable-N
.................. +...... +............... +........ ÷ ...... +....... +......... +........ +....... +..... +...... +...... +......... +........

: : I I I I : : I : : I I

The following gives the total massesand volumesof materials required by this facility:
TotalHassInputed: O.IO000(kg) TotalVolumeInputed: O.02000(liters)

TotalHassOutputed: O.lO000(kg) TotalVolumeOutputed: O.02000(liters)
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Facility/HardwareName:OiffusiveMixingof OrganicSolutions Abbr:D_OS

The following Abbrevations are used in this table: Dispose: N : Haste; Phase: G : Gasoues
Source: L : Lab provided; V : Vented; L : Liquid

: Generated as a product of the facility run; C : Consumed/converted S : Solid

U = User provided, a special consumablethat is unique: in the facility:

Materials Usedby This Facility are given in this table:

................._ ............................Suppliedto.................................theExperiment ]_]............DischaFgGd-)FGm-thG-ExpeFT;Gnt--"
Ill

Material )11...............................................................,,,.............................................
Hame )ISource) Storage IHaterialI Mass I Volume)FlowRatelPressurelDisposeIPhaselHasslVolumelFlowRatelPressure

'kII l RequirementsI Phase ) (kg)l(liter)l(kg/min)l(atm) I ) ,(g) ) (i)I (kg/min)l(ate)
.................. + ...... + ............... + ........ + ...... + ....... + ......... + ........ + ....... + ..... + ...... + ...... ÷ ......... + ........

OrganicSolutions) U )EAC ) L ) 0.25810.1288)-0- ) I.O0000)C ) L I 0.258)0.129(-0- 1.00000
I ) I ( ) I I IStorageof outputmaterial:

Comments:Cyaninetosyliate,triethylammoniumoxonolareprocessed. I Risk:Toxic-Y Reactive-Y Flammable-Y
.................. + ...... + ............... + ........ + ...... + ....... + ......... + ........ + ....... + ..... + ...... + ...... + ......... + ........

) I I I I I I I I I ) I I

The follouinggivesthe totalmassesand volumesof materialsrequiredby thisfacility:

TotalMassInputed: 0.25760(kg) TotalVolumeInputed: O.12880(liters)

TotalHassOutputed: 0.25760(_g) TotalVolumeOutputed: O.12880(liters)
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Facility/HardwareName:Electroepitaxia!Crystal Growth Abbr:ECG
...................................................................................................................................

The followingAbbrevationsare usedin thistable: Dispose:_ : Waste; Phase:G : Gasoues

Source:L : Labprovided; V : Vented; L z Liquid

G = Generatedas a productof the facilityrun; C = Consumed/converted •S : Solid

U : Userprovided,a specialconsumablethatis unique: in thefacility:

MaterialsUsedby ThisFacilityare givenin thistable:

...................................................................................................................................

I(I Suppliedto the Experiment III DischargedfromtheExperi=ent

Material II' " '"
I ............................................................... Ill .............................................

Name llSourcel Storage IHateriall Nass I VoXumelFlowRatelPressurelOisposelPhaselNassIVolumelFlow RatelPressure

II I RequirementsI Phase I (kg)l(liter)l(kg/min)l(atm) I I l(kg) I (I) I (kg/min)l(atl)
.................. +...... +............... ÷........ +...... +....... +......... +........ +....... +..... +...... +...... +......... +........

GH2 I L lOutside Rack I G I 0.0071 8].0001-0- I IO.O0001V I G I 0.0071 0_.001-0- 0.00100
I I I I I I I IStorageof output material:

Comments:Billcontaintracesof GalliumArsenid. I Risk:Toxic-Y Reactive-Y Flammable-Y

..................+......+...............+........+......+.......+.........+........+.......+.....+......+......+.........+........

I I I I I I I l I I I I I

...................................................................................................................................

The followinggivesthetotalmassesand volumesof materialsrequiredby thisfacility:

TotalHassInputed: O.O07SO(kg) TotalVolumeInputed: 83.O000(liters)

TotalNassOutputed: O.O07SO(kg) TotalVolumeOutputed: 83.0000(liters)
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...................................................................................................................................

...................................................................................................................................

Facility�HardwareName:ElectromagneticLevitator Abbr:EML

The followingAbbrevationsare usedin thistablet Dispose:W = Waste; Phase:G : Gasoues

Source:L : Labprovided; V = Vented) L = Liquid

G = Generatedas a productof the facilityrun; O = Oonsumed/converted S = Solid

U : Userprovided,a specialconsumablethatisunique: in thefacility:

MaterialsUsedby ThisFacilityare givenin thistable:

............................................................................. w .....................................................

):I Suppliedtothe Experiment :I: Dischargedfromthe Experiment
Material '",,, ............................................................... _I'I .............................................

Name " ',,Source, Storage IMateriallMassI VolumelFlowRatelPressurelOisposelPhaselMassIVolumelFlowRatelPressure

II I k,, I RequirementsI Phase ((kg)l(liter)l(kg/min)l(arm) I I ,(g) I (I)I (kg/min)l(arm)
.................. +...... +............... +........ +...... +....... +......... +........ +....... +..... +...... +...... +......... +........

Metalsand AlloysI U llnRack I S I0.I0010.01301-0- I I.O00001C I S I0.i0010.ISOl-O- 1.00000

I I _ I I _ I _Storageof outputmaterial:

Comments:VariousMetalsand Alloys I Risk:Toxic-N Reactive-N Flammable-N

.................. +...... +............... +........ ÷...... ÷....... +......... +........ +....... ÷..... ÷...... ÷...... +......... +........

I I I I I : I I I I : I I
...................................................................................................................................
...................................................................................................................................

The followinggivesthetotalmassesand volumesof materialsrequiredby thisfacility:

TotalMassInputed: O.iO000(kg) TotalVolumeInputed: O.Ol300(liters)

TotalMassOutputed: O.lO000(kg) TotalVolumeOutputed: O.13000(liters)

9

q;
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...................................................................................................................................

Facility/HardwareName:FloatZoneCrystalGrowthFacility Abbr:FZCGF
...................................................................................................................................

The followingAbbrevationsare usedin thistable: Dispose:W : Waste; Phase:G : Gasoues

Source:L = Labprovided; V = Vented; L = Liquid

• G = Generatedas a productof the facilityrun; C : Consumed/converted S : Solid

U : Userprovided,a specialconsumablethatisunique: in thefacility:

HaterialsUsedby ThisFacilityare givenin thistable:

III Suppliedtothe Experiment I",, Dischargedfromthe Experiment

Material :I' "'
I ............................................................... III .............................................

Name l:Source: Storage :Material:Hass: Volume{FlowRate:PressurelDisposelPhase:Hass:VoiumelFloNRatelPressure
II I Requirements: Phase I (kg)l(liter)l(kg/mJn)l(aim) I : l(kg) I (I): (kg/min)l(atm)

.................. ÷...... ÷............... +........ +...... ÷....... ÷......... +........ ÷....... ÷..... ÷...... ÷.... 2-+ ......... + ........

Silicon, SemJcond.l g fin Faci|ity I S I 0.6311 0.07881-0- I I.O0000:C I S I 0.6311 0.0791-0- 1.00000
I I(EAC) I I I I I IStorageof outputmaterial:

Comments:Haterialbeingprocessedis contained. I Risk:Toxic-Y Reactive-N Flammable-Y
..................+......+...............+........+......+.......+.........+........+.......+.....+......+......+.........+........

I I I I I I I I : : I I :
...................................................................................................................................
...................................................................................................................................

The followinggivesthetotalmassesand volumesofmaterialsrequiredby thisfacility:

TotalHassInputed: 0.63080(kg) TotalVolumeInputed: O.07880(iiters)

TotalHassOutputed: 0.63080(kg) TotalVolumeOutputed: O.07880(iiters)
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Facility/HardwareName:FluidExperimentSystem Abbr:FES

The followingAbbrevationsareusedin thistable: Dispose:W = _aste; Phase:G : Gasoues

Source:L : Lab provided; V : Vented; L : Liquid
G : Generatedas a productof the.facilityrun; O = Consumed/converted S : Solid

U : Userprovided,a specialconsumablethatis unique: in the facility:

HaterialsUsedby ThisFacilityaregiveninthistable:

................. _ ............................ Supplied to.................................the Experiment _ ............ Di;GGaFGGd'fFGG-tGG-E;GGFT_GG;'--

Material '" II'! .........................................
[[I ...................................................................

Name I:Sourcel Storage )HaterialIHass IVolumelFlowRateIPressurelOisposelPhase)HassIVotumelFlowRatelPressure

,, I RequirementsI Phase ((kg)l(liter)l(kg/mJn)l(atm) I ) ,(g) ) (I)I (kg/min)l(atm)

.................. +...... + ............... + ........ + ...... + ....... + ......... + ........ + ....... ÷ ..... + ...... + ...... ÷ ......... +........

ModelFluids ) U )InRack I L I 1.000)1.0000)-0- ) l.O0000IO ) L ) l.O00Il.O00)-O- 1.00000

) I I I ) I I IStorageof output material:

Comments:VariousHodelFluids ( Risk:Toxic-Y Reactive-N Flammable-N
.................. + ...... + ............... + ........ + ...... + ....... + ......... + ........ + ....... + ..... + ...... + ...... + ...................

I I I I I I I I I ( I I

The followinggivesthe totalmassesand volumesof materialsrequiredby thisfacility:
TotalHassInputed: l.O0000(kg) TotalVolumeInputed: l.O0000(liters)

TotalHassOutputed: l.O0000(kg) TotalVolumeOutputed: l.O0000(liters)
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Facility/HardwareName:HighTemperatureAcousticLevitator Abbr:HAL

The followingAbbrevationsare usedin thistable: )ispose:W : Waste; Phase:G : Gasoues

Source:L : Lab provided; V : Vented; L : Liquid

G : Generatedas a productof the facilityrun; C : Consumed/converted S : Solid

U = Userprovided,a specialconsumablethatisunique: in the facility:

MaterialsUsedby ThisFacilityare givenin thistable:

Ill Suppliedto theExperiment (l: DischargedfromtheExperiment
Haterial '" '"

Ill ............................................................... III .............................................

Name llSourcel Storage IHateriall Mass I VolumelFlow RatelPressurelDisposelPhaselHass IVolumelFlow Rate)Pressure
II I k,, ) Requirements) Phase )(kg))(liter))(kg/min))(atm) : ) ,(g) ) (|) l(kg/min))(atm)

...... r ........... +...... +............... +........ +...... +....... +......... +........ +....... +..... +...... +...... +......... +........

GN2 ) L lOutsideRack : G I 0.i16190.000)-0- ( I.O0000IV ) G ) 0.116:90.00)-0- 0.00100

) I l ) I ) l )Storage of output material:
Comments:Haycontaintracesof samplematerial. ) Risk:Toxic-N Reactive-N Flammable-N

+ + + + + + + + + + + +

I : I I : I ) I I I ( ) :
................................ _ ..................................................................................................
...................................................................................................................................

Thefollowinggivesthe totalmassesand volumesofmaterialsrequiredby thisfacility:

TotalMassInputed: O.llS70(kg) TotalVolumeImputed: 90.O000(liters)

TotalMassOutputed: O.lI570(kg) TotalVolumeOutputed: 90.O000(liters)



MaterialsInformationof the RACOStudy

Oate:03/Ol/88 ExperimentalFacilities Page:4- g

...................................................................................................................................

Facility�HardwareName:LIQUIDDROPEXPERIMENTFACILITY Abbr:LDF

The followingAbbrevationsare usedin thistable: Dispose:W : Waste; Phase:G : Gasoues

Source:L : Labprovided; V : Vented; L : Liquid

G : Generatedas a productof the facilityrun; C : Consumed/converted S : Solid

U : Userprovided,a specialconsumablethatisunique: in the facility:

MaterialsUsedby ThisFacilityare givenin thistable:

III Suppliedtothe Experiment III DischargedfromtheExperiment

Material I_ '"
............................................... _ ............... Ill .............................................

Name llSourceI Storage lMaterial:Mass I VolumeIFlowRatelPressurelDispose:PhaseIMasslVolumelFlowRatelPressure
'k)) I Requirements) Phase ) (kg))(liter))(kg/mJn))(atm)) ) ,(g) ) (J) I (kg/_in))(ate)

..................+......+..............._-.......+......+.......+.........+........+.......+.....+......+......+.........+........

GN2 I L IFROMFACILITY ) G I 0.00010.00111 0.0100011.O00001V ) G I 0.00010.0011 O.OlO001.1.O00OO

I I I I I I ) IStorageof output material:
Comments:COVERGAS. ) Risk:Toxic-N Reactive-N Flammable-N )
.................. +...... ÷............... ÷........ +...... +....... +......... +...... -.+ ....... ÷..... +...... +...... +......... +........

) ) ) I I I I I I I ) I I

SILICONOIL ) U finFACILITY ) L I O.OlOlO.OlOOl0.01000(l.O00001W I L ) O.OlOlO.OlO) 0.010001.I.00000

I ) l l I ) l IStorageof outputmaterial:
Comments:SAMPLEMATERIAL I Risk:Toxic-N Reactive-N Flammable-N l
..................+......+...............+........+......+.......+.........+........+.......+.....+......+......+.........+........

I I I I I I I I I I I" I I
.......................................... _ ........................................................................................
...................................................................................................................................

The followinggivesthe totalmassesandvolumesof materialsrequiredby thisfacility:

TotalMassInputed: O.OlO05(kg) TotalVolumeInputed: O.Oll10(1iters)

TotalMassOutputed: O.OlO05(kg) TotalVohme Outputed: O.OlllO(liters)

I

I

I
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..................................................................................................................................

Facility/Hardware Name:HovingNa11Electrophoresis Unit Abbr:HNEU
...................................................................................................................................

The following Abbrevations are used in this table: Dispose: g : Baste; Phase:G : Gasoues

Source: L : Lab provided; V : Vented; L : Liquid
G : Generated as a product of the facility run; C : Consumed/converted S = Solid
U : User provided, a special consumablethat is unique: in the facility:

...................................................................................................................................

Haterials Usedby This Facility are given in this table:

...................................................................................................................................

III Suppliedto theExperiment Ill DischargedfromtheExperiment

Haterial '" '"
II1 ............................................................... I1! .............................................

Name llSourcel Storage INateriallHass I VolumelFlowRatelPressurelDisposelPhaselMassIVolumelF[owRatelPressure

I: ' kI RequirementsI Phase l(kg) l(1iter)l(kg/min)l(atm) I I ,('g) I (1) l(kg/min)l(atm)
..................+......+...............+........+......+.......+.........+........+.......+.....+......+......+.........+........

Biomaterial I U llnHiddeck l L I 4.00Ol4.00001 0.00S6011.IOOOOIC I L I 4.00014.0001 0.0056011.00000

I ILocker I I I I I IStorageof outputmaterial:

Comments:Finialproductismixedwitha saline/waterbuffersolution, l Risk:Toxic-N Reactive-N Fiammable-N I
.................. +...... +............... +........ +...... +....... +......... +........ +....... +..... +...... +...... +......... +........

I : I : I I I I : I : I :
...................................................................................................................................

The following gives the tota| massesandvolumesof materials required by this facility:
TotalHassImputed: 4.00000(kg) TotalVolumeImputed: 4.00000(liters)

TotalHassOutputed: 4.00000(kg) To)alVo|umeOutputed: 4.00000(liters)
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Facility/HardwareName:_uJtipteExperimentProcessingFurnace Abbr:MEPF

The followingAbbrevationsareused inthistable: _ispose:_ : Raste; Phase:G : Gasoues

Source:L 2 Labprovided; V : Vented; L : Liquid

G : Generatedasa productof the facilityrun; C : Consumed/converted S : Solid

U : Userprovided,a specialconsumablethatisunique: inthe facility:

HaterialsUsedby ThisFacilityare givenin thistable:

................. _ ...............................................................Supplied to the Experiment _ ............ oisGGa;GGd-7;GG-_GG-E_GG;_;GG;---
III

Material III...............................................................,,,.............................................
Hame llSourcel Storage IMateriallMass I VolumelFlovRatelPressurelOisposelPhaselMassIVolumelFJowRatelPressure

I( ) RequirementsI Phase I (kg)I(liter)l(kg/min)l(atm) ( I )(kg) ) (i))(kg/min)I (atm)
.................. + ...... +............... + ........ + ...... + ....... + ......... + ........ + ....... +..... + ...... + ...... + ......... _ ........

Air I L lOutsideRack I G I 0.2241175.001-0- I 1.000001V I G I _._=_,n_, 175.01-0- 0.00100

I I I I I I I IStorageof outputmaterial:

Comments:Usedto refillthe faciltiy. I Risk:Toxic-N Reactive-N Flammable-N
..................+......+...............+........+......+.......+.........+........+.......+.....+......+......+.........+........

I I I I I I I I I I I I

Argon I L lOutsideRack I G I0.3121175.001-0- I I.O00001V I G I0.3121175.01-0- 0.00100
I I I I I I I IStorageof output material:

Comments:usedto fillfurnacemodule. I Risk:Toxic-N Reactive-N Flammable-N
.................. ÷ ...... ÷ ............... ÷ ........ ÷...... + ....... + ......... ÷ ........ + ....... ÷ ..... ÷ ...... ÷ ...... ÷ ......... ÷ ........

I I I I I I I I I I I I
CleaningFluid ) L )OutsideRack I L ) 0.500)O.SO001-O- I l.O00001N ) L )0.50010.500_-0- 1.00000

I I I I I I I IStorageof outputmateriah

Comments:Usedtocleanthe facility.May havetracesof toxicwaste. I Risk:Toxic-H Reactive-N Flammable-N
.................. + ...... + ............... +........ + ...... + ....... + ......... + ........ + ....... +..... + ...... + ...... + ......... + ........

i I = I I I = I I I I = I
Distilled,ater I L lOutsideRack I L : 2.00012.0000:-0- : I.O00001N I L : 2.00012.0001-0- I 1.00000

I I I I I I I IStorageof outputmaterial:

Comments:Usedto cleanthe facility. I Risk:Toxic-N Reactive-N Flammable-N I
.................. ÷ ...... + ............... ÷ ........ + ...... + ....... + ......... ÷ ........ + ....... ÷ ..... + ...... ÷ ...... + ......... + ........

I I I I I I I I I I I I
Helium I L lOutsideRack I G I O.OOIl4.00001-0- ) 17.0000(V ) G I 0.00114.0001-0- 0.00100

I I I I I I ) IStorage of output material:

Comments:Usedfor quenchingsample.May containtoxicelements. I Risk:Toxic-Y Reactive-N Flammable-N
.................. + ...... + ............... + ........ + ...... + ....... + ......... + ........ + ....... + ..... +...... + ...... + ......... +........

I I I I I I I I I I I I I

Metalsand AlloysI O finFacility I S I 0.70010.13001-0- [ I.O00001C I $ I 0.70010.1301-0- I 1.00000
I I I I I I I IStorageof outputmaterial:

Comments:Sampleto be returnedtoearth. I Risk:Toxic-Y Reactive-N Flammable-N I
.................. + ...... + ............... + ........ ÷ ...... ÷ ....... + ......... ÷ ........ ÷....... ÷ ..... ÷...... ÷ ...... + ......... ÷ ........

I I I I I I I I I I I I I

The following gives the total massesand volumes of materials required by this facility:
TotalMassInputed: 3.73621(kg). TotalVolumeInputed: 356.630(liters)

TotalMassOutputed: 3.73621(kg) TotalVolumeOutputed: 356.630(liters)

ORIGINAL PAGE I$

OJ_ ]_OOR QUALITY
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Facility/HardwareName:NormalFreezingFurnace-! Abbr:NFF-I

Thefollowingkbbrevationsare used inthistable: _ispose:W : Waste; Phase:G : Gasoues

Source:L = Labprovided; V : Vented; L = Liquid

G = Generatedasa productof the facilityrun; C : Consumed/converted S : Solid

U = Userprovided,a specialconsumablethatis unique: in thefacility:

MaterialsUsedby ThisFacilityare givenin thistable:

,,") Suppliedto theExperiment III DischargedfromtheExperiment
Material '" '"

I|1 ............................................................... ill .............................................

Name ",,Source, Storage IMateriall Hass I VoJumelFlowRatelPressurelDisposelPhaselMassIVolumelFloN RatelPressure
II I RequirementsI Phase I (kg)l(liter)l(kg/min)l(arm) I I l(kg) I (l) I (kg/min)l(atm)

..................+......+...............+........+......+.......+.........+........+.......+.....+......+......+.........+........

Air I L lOutsideRack I G I 0.2241175.001-0- I l.O00001V I G I 0.224117S.Ol-O- 0.00100

I I I I I I I IStorageof outputmaterial:

Comments:Usedto refillthe facility. I Risk:Toxic-N Reactive-N Flammable-N
.................. + ...... + ............... + ........ + ...... + ....... + ......... + ........ + ....... + ..... + ...... + ...... + ......... + ........

I I I I I I I I I I I I I
Argon I L lOutsideRack I G I 0.3121175.001-0- I l.OOO001V I G I 0.S12117S.Ol-O- I0.00100

I I I I I I I IStorage of output material:
Comments:Gasrequiredto fillenclosure. I Risk:Toxic-N Reactive-N Flammable-N I

.................. +.. .... + ............... + ........ + ...... + ....... + ......... + ........ + ....... + ..... + ...... + ...... + ......... + ........

I I I I . I I I I I I I I
CleaningFluid I L lOutsiderack I L I 0.5001 0.50001-0- I l.OOO001W I L I 0.50010.SO01-O- l.OOO00

I I I I I I I IStorageof outputmaterial:
Comments:Usedto cleanthefacility. I Risk:Toxic-N Reactive-N Flammable-N
.................. + ...... + ............... + ........ + ...... + ....... + ......... + ........ + ....... + ..... + ...... + ...... + ......... + ........

I I I I I I I I I I I I
DistilledWater I L lOutside rack I L I 2.00012.00001-0- I I.O00001W I L I 2.00012.0001-0- l.O0000

I I I I I I I IStorage of output material:
Comments:Usedto clean the facility. I Risk: Toxic- N Reactive- N Flammable-N
.................. + ...... + ............... +ilia .... + ...... + ....... + ......... + ........ + ....... + ..... + ...... + ...... + ......... + ........

I I I I I I I I I I I I

Seniconductor I U llnRack I S I0.6SII0.07881-0- I I.O00001C I S I0.6SIIO.07gl-O- 1.00000

Matl. I I I I I I I IStorageofoutputmaterial:

Comments:Sampletobe returnedto Earth. I Risk:Toxic-_ Reactive-Y Flammable-N
.................. + ...... + ............... + ........ + ...... + ....... + ......... + ........ + ....... + ..... + ...... + ...... + ......... + ........

I I I I I I I I I I I I I
......................................................................................................................................................................................................................................................................

The followinggivesthe totalmassesand volumesof materialsrequiredby thisfacility:

TotalMassInputed: 3.66630(kg) TotalVolume[nputed: 352.579(liters)
TotalMassOutputed: 3.66630(kg) TotalVolumeOutputed: 352.579(liters)
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Facility/HardwareName:Organicand PolymerCrystalGrowthFac. Abbr:OPCGF

The followingAbbrevationsare usedin thistabJe: Oispose:W : Raste; Phase:G : Gasoues
Source:L : Labprovided; V : Vented; L : Liquid

G : Generatedas a productof thefacilityrun; C : Consumed/converted S : Solid

U : Userprovided,a specialconsumablethatis unique: in the facility:

MaterialsUsedby ThisFacilityare givenin thistabte:

................. _ ............................ Suppliedto.................................theExperiment _ ............ T;GG;FGG -?FG;- GG-);GGFT GG;---
HateriaI )I' .............................................,...............................................................Ill
Name llSourcel Storage IMateriallMass I VolumeIFlowRatelPressurelDisposelPhaselMassIVolumelF_owRatelPressure

I) I Requirements) Phase I (kg)l(liter)l(kg/min))(atm)I I l(kg) ) (I)I (kg/min)l(atm)

.................. +...... + ............... + ........ + ...... + ....... + ......... + ........ + ....... + ..... + ...... + ...... + ......... + ........

OrganicSolutionsI U finFacility I S I 0.43510.45701-0- ) l.O00001C ) S ) 36.70133.361-0- I 1.00000

I I(EAC) I I I I I )Storageof outputmater_aI:

Comments:Organicsolutions,solids,andpolydiacetyleneprocessed. I Risk:Toxic-Y Reactive-Y Flammable-Y )
.................. + ...... + ............... + ........ + ...... + ....... + ......... + ........ + ....... + ..... + ...... + ...... + ......... + ........

I I I I I I I I I I I I I
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

The followinggivesthe totalmassesand volumesof materialsrequiredby thisfacility:

TotalMassInputed: 0.43500(kg) TotalVolumeInputed: 0.45700(hters)

TotalMassOutputed: 36.6%0(kg) TotalVolumeOutputed: 33.3600(liters)
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Facility/HardwareName:PhysicalVaporTransportof OrganicSol. Abbr:PVTOS

The followingAbbrevationsare usedin thistable: Dispose:R : Waste; Phase:G : Gasoues

Source:L : Labprovided; V : Vented; L : Liquid

G = Generatedas a productof the facilityrun; C : Consumed/converted S : Solid

O = Userprovided,a specialconsumablethatisunique: in thefacility:

HaterialsUsedby ThisFacilityare givenin thistable:

III Suppliedtothe Experiment III Dischargedfromthe Experiment
Material II' '"

I ............................................................... III .............................................

Name ::Source: Storage :Material:Mass IVolume:FlowRate:PressurelDisposeiPhaselMasslVolumelF1owRate:Pressure

)l ( RequirementsI Phase I (kg)l(liter)l(kg/min)l(arm) I ] l(kg) I (i)I (kg/=in)l(at=)
..................+......+...............+........+......+.......+.........+........+.......+.....+......+......+.........+........

OrganicSolutionsI U IEAC(self I S I 1.04211.04251-0- I 1.000001C I S I 1.0421l.O&31-O- 1.00000

I Icontained) I I l l I lStorageof output material:
Comments:SamplemateriaIis containedintestcellsandEAC. I Risk:Toxic-N Reactive-N F1ammable-N
.................. ÷...... +............... + ........ +...... +....... +......... +........ +....... +..... +...... +...... +......... +........

I I I I I I I I I I I I I
...................................................................................................................................
...................................................................................................................................

The followinggivesthetotalmassesand volumesof materialsrequiredby thisfacility:

TotalMassInputed: 1.042SO(kg) TotalVolumeInputed: 1.04250(1iters)

TotalMassOutputed: 1.04250(kg) TotalVolumeOutputed: 1.04260(11ters)
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Facility/HardwareName:ProteinCrystalGrowth-lV Abbr:PCG-IV

The fo|IowingAbbrevationsare usedin thistabte: 0ispose:W : Naste; Phase:G : Gasoues

Source:L : Labprovided; V : Vented; L : Liquid

G : Generatedas a productof the facilityrun; C : Oonsumedlconverted S : Solid

U : Userprovided,a specialconsumabtethatisunique: in thefacility:

NaterialsUsedby Th_sFacilityare givenin thistable:

................. _ ...............................................................Supplied to the Experiment _ ............ DisGG;;gGd-f;G;-tGG-E;GG;iGGGt---

_aterial '" III
I11 ............................................................................................................

Name llSourcel Storage l_ateriallHass I VolumelFtowRatelPressurelD_sposelPhaselHassIVolumelF1ouRatelPressure
II I k 11,, I RequirementsI Phase I (kg)l(liter)l(kg/min)l(arm) I I ,(g) I _) I (kg/min) (arm)

..................+......+...............+........+......+.......+.........+........+.......+.....+......+......+.................

Proteins I U finRack I L ) 0.I0010.IO001-O- ) l.O00001C I L I0.i0010.I001-0- 1.00000

I I I I I I I IStorage of output material:
Comments:VariousProteins I Risk:Toxic-flReactive-N Flammable-N

.................. ÷ ...... ÷ ............... ÷ ........ + ...... ÷ ....... ÷ ......... ÷ ........ ÷ ....... ÷ ..... ÷ ...... ÷ ...... ÷ ......... + ........

I I I I I I I I I I = I I

Thefollowinggivesthetotalmassesand volumesof materialsrequiredby thisfacility:
TotalHassInputed: 0.10000(kg) TotalVolumeInputed: O.IO000(iiters)

TotalHassOutputed: 0.10000(kg) TotalVolumeOutputed: 0.10000(liters)
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_cility/Harduare Name:VaporCrystal Gro.th System Abbr:VCGS
..................................................................................................................................

he folio.log Abbrevationsare used in this table: Dispose: _ : Waste; Phase: G : Gasoues
Source: L _ Labprovided; V : Vented; L : Liquid

G : Generatedas a product of the facility run; C : Consumed/converted S : Solid

U : User provided, a special consumablethat is unique: _n the facility:
........................................................ m .........................................................................

ateriaIs Usedby This Facility are given in this table:

................ _ ............................ SuppliedLo'th; .............................Experiment :::............
Haterial III ............................................................... III .............................................
Name )ISource) Storage IMateriaIl Mass: VolumelFlo. RatelPressurelDispose:Phase:MassIVoIumeIFlo. RatelPressure

:: I Requirements: Phase : (kg) :(liter): (kg/min): (arm) : : :(kg) I (I))(kg/min)l (atm)
................. +...... +............... +........ +...... +....... +......... +........ +....... +..... +...... +...... +......... +........

emiconductors : U :InRack I S : 0.I00)0.0200)-0- l.O00001C I S ) 0.i0010.0201-0- 1.00000

) : : ) : : IStorage of outputmaterial:

:meents:VariousSemiconductors Risk:Toxic-Y Reactive-M Flaemable-N
................. + ...... + ............... + ........ + ...... + ....... + ......... + ........ + ..... --+ ..... + ...... + ...... + ......... + ........

) I I I ) ) I I I I I I I

The followinggivesthe totalmassesandvolumesof materialsrequiredby thisfacility:

TotalMass Inputed: O.lO000(kg) TotalVolumeInputed: O.02000(liters)

TotalMassOutputed: O.lO000(kg) TotalVolumeOutputed: O.02000(liters)
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Facility/Hardware Name:Ad. Automated Directional Solidification
Abbr:AADSF

The facility has the following Data requirements:

Peak Data Rate: 2000.O0(kBps)

Duration at Peak: 5.00000(min)

Average Data Rate: I00.000 (kBps)

Duration Total: 14400.O(min)

Peak Uplink Data Rate: 50.O000(kBps)

Duration of Uplink: 5.00000(min)
Mass Storage for On-orbit Data: 216.000(Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab: 60.O000(min)

Describe the audio requirement:Facility operation and sample prep.

The Facility has the following Video system requirements:

Video feild of view X: O.03000x Y: O.04000(cm)

Video depth of feild: O.02000(cm)
Video resolution: 8.00000(cm)

Video Color resolution: l. O0000(bits)

Video Frame rate: l(fps)

Video duration at highest resolution: O.02000(min)

Video to the ground Y/N:y

Describe the information that is sent to the ground:

One frame of the product w/microscope.

How often is this video to the ground needed:intermit, during run
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Facility/Hardware Name:Chemical Vapor Transport
Abbr:CVT

The facility has the following Data requirements:

Peak Data Rate:-O- (kBps)

Duration at Peak:-0- (min)

Average Data Rate:-0- (kDps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-0- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab:-0-

Describe the audio requirement:-0-

(min)

The Facility has the following Video system requirements:

Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)

Video resolution:-O- (cm)
Video Color resolution:-O- (bits)

Video Frame rate:-O- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:n

Describe the information that is sent to the ground:
-O--

How often is this video to the ground needed:-O-
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Facility/Hardware Name:Diffusive Mixing of Organic Solutions

Abbr:DHOS

The facility has the following Data requirements:

Peak Data Rate:-O- (kBps)

Duration at Peak:-O- (Bin)

Average Data Rate:-O- (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-O- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-O- (Hbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab:-O-

Describe the audio requirement:-O-

(min)

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- (cm)

Video depth of feild:-O- (cm)

Video resolution:-0- (cm)

Video Color resolution:-O- (bits)

Video Frame rate:-O- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
--0-

HOW often is this video to the ground needed:-O-
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Facility/Hardware Name:ELECTROEPITAXIAL CRYSTAL GROWTH
Abbr:ECG

I

The facility has the following Data requirements:

Peak Data Rate: 2.00000(kBps)

Duration at Peak:-O- (min)

Average Data Rate: 2.00000 (kBps)
Duration Total: 2.22000(min)

Peak Uplink Data Rate: 2.00000(kBps)

Duration of Uplink: 0.28000(min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab: 30.O000(min)

Describe the audio requirement:OPERATIONAL VERIFICATION

The Facility has the following Video system requirements:

Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)

Video resolution:-O- (cm)
Video Color resolution:-O- (bits)

Video Frame rate:-O- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
-O-

How often is this video to the ground needed:24

q

q
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Facility/Hardware Name:Electromagnetic Levitator
Abbr:EML

The facility has the following Data requirements:

Peak Data Rate:-O- (kBps)

Duration at Peak:-O- (min)

Average Data Rate:-O- (kBps)

Duration Total: -0- (min)
Peak Uplink Data Rate:-O- (kBps)
Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab:-O-
Describe the audio requirement:-O-

(min)

The Facility has the following Video system requirements:

Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)

Video resolution:-O- (cm)

Video Color resolution:-O- (bits)

Video Frame rate:-O- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:-
Describe the information that is sent to the ground:

-O--

How often is this video to the ground needed:-O-
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Facility/Hardware Name:Float Zone Crystal Growth Faciltiy
Abbr:FZCGF

The facility has the following Data requirements:

Peak Data Rate:-O- (kBps)

Duration at Peak:-O- (min)

Average Data Rate:-O- (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-O- (kBps)
Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab:-O-

Describe the audio requirement:-O-

(min)

The Facility has the following Video system requirements:

Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)
Video resolution:-O- (cm)

Video Color resolution:-O- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
-O-

How often is this video to the ground needed:-0-
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Facility/Hardware Name:Fluid Experiment System
Abbr:FES

The facility has the following Data requirements:

Peak Data Rate:-O- (kBps)

Duration at Peak:-O- (min)

Average Data Rate: 20.0000 (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-O- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-O-

Describe the audio requirement:-O-

(min)

The Facility has the following Video system requirements:

Video feild of view X: 5.00000x Y: 5.00000(cm)

Video depth of feild: lO.0000(cm)

Video resolution: 8.00000(cm)

Video Color resolution: 4.00000(bits)

Video Frame rate: 30(fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:y

Describe the information that is sent to the ground:
i0 Mbps for 5 seconds.

How often is this video to the ground needed:-O-
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Facility/Hardware Name:HIGH TEMPERATURE ACOUSTIC LEVITATOR
Abbr:HAL

9

The facility has the following Data requirements:

Peak Data Rate: 3.00000(kBps)

Duration at Peak: 15.0000(min)

Average Data Rate: 2.00000 (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate: 2.00000(kBps)

Duration of Uplink: 15.0000(min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab: 30.0000(min)

Describe the audio requirement:VERIFICATION AND ADJUSTMENTS

The Facility has the following Video system requirements:

Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)

Video resolution:-O- (cm)

Video Color resolution:-O- (bits)

Video Frame rate:-O- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:Y

Describe the information that is sent to the ground:
-O-

How often is this video to the ground needed:5 9

I
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Facility/Hardware Name:LIQUID DROP EXPERIMENT FACILITY
Abbr:LDF

The facility has the following Data requirements:

Peak Data Rate: l. O0000(kBps)

Duration at Peak: 109.000(min)

Average Data Rate: 1.00000 (kBps)

Duration Total: 109.000(min)

Peak Uplink Data Rate: l. O0000(kBps)

Duration of Uplink: 5.00000(min)

Mass Storage for On-orbit Data: 7.00000(Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab: 102.000(min)

Describe the audio requirement:CREW INTERACTION WITH THE GROUND PI.

The Facility has the following Video system requirements:

Video feild of view X: lO.O000x Y: 11.0000(cm)
Video depth of feild: lO.O000(cm)

Video resolution: 8.00000(cm)

Video Color resolution: l. O0000(bits)

Video Frame rate: 30(fps)

Video duration at highest resolution: 94.0000(min)

Video to the ground Y/N:Y

Describe the information that is sent to the ground:
SELECTIVE DATA AFTER THE RUN.

How often is this video to the ground needed:l
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Facility/Hardware Name:Moving Wall Electrophoresis Unit
Abbr:MWEU

The facility has the following Data requirements:

Peak Data Rate: 0.30000(kBps)

Duration at Peak: 360.O00(min)

Average Data Rate: 0.29200 (kBps)

Duration Total: 756.000(min)

Peak Uplink Data Rate:-O- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data: 0.21600(Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-O-

Describe the audio requirement:-O-

(min)

The Facility has the following Video system requirements:

Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)

Video resolution:-O- (cm)

Video Color resolution:-O- (bits)

Video Frame rate:-O- (fps)
Video duration at highest resolution:-O- (min)

Video to the ground Y/N:-
Describe the information that is sent to the ground:

-O-

How often is this video to the ground needed:-O-
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Abbr:MEPF
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The facility has the following Data requ.irements:

Peak Data Rate: 20.O000(kBps)

Duration at Peak: 20.O000(min)

Average Data Rate: 20.0000 (kBps)

Duration Total: 20.O000(min)

Peak Uplink Data Rate:-O- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab: 20.O000(min)

Describe the audio requirement:Facility preparation for operation.

The Facility has the following Video system requirements:

Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)

Video resolution:-O- (cm)

Video Color resolution:-O- (bits)

Video Frame rate:-O- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:

--O--

How often is this video to the ground needed:-O-
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Facility/Hardware Name:Normal Freezing Furnace-i

Abbr:NFF-I

The facility has the following Data requirements:

Peak Data Rate: 20.O000(kBps)

Duration at Peak: 5.00000(min)

Average Data Rate: 20.0000 (kBps)
Duration Total: 60.O000(min)

Peak Uplink Data Rate:-O- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab: 20.O000(min)

Describe the audio requirement:Facility preparation for operation.

The Facility has the following Video system requirements:
Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)
Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:-
Describe the information that is sent to the ground:

-0-

How often is this video to the ground needed:-0-
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Facility/Hardware Name:Organic and Polymer Crystal Growth Fac.
Abbr:OPCGF

The facility has the following Data requirements:

Peak'Data Rate:-O- (kBps)

Duration at Peak:-O- (min)

Average Data Rate:-O- (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-O- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab:-O-

Describe the audio requirement:-O-

(min)

The Facility has the following Video system requirements:

Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)

Yideo resolution:-O- (cm)

Video Color resolution:-O- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
-O-

How often is this video to the ground needed:-O-
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Facility/Hardware Name:Physical Vapor Transport of Organic Sol.

Abbr:PVTOS

The facility has the following Data requirements:
Peak Data Rate:-O- (kBps)

Duration at Peak:-O- (min)

Average Data Hate:-0- (kBps)

Duration Total: -0- (min)

Peak Uplink Data Hate:-O- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:Z0 -

Describe the audio requirement:-O-

(min)

The Facility has the following Video system requirements:
Video feild of view X:-O- x Y:-0- (cm)

Video depth of feild:-O- (cm)

Video resolution:-O- (cm)

Video Color resolution:-O- (bits)

Video Frame rate:-O- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:-
Describe the information that is sent to the ground:

-O-

How often is this video to the ground needed:-O-
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Facility/Hardware Name:Protein Crystal Growth-IV
Abbr:PCG-IV

The facility has the following Data requirements:

Peak Data Rate:-O- (kBps)

Duration at Peak:-O- (min)

Average Data Rate:-O- (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-O- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab:-O-

Describe the audio requirement:-O-

(min)

The Facility has the following Video system requirements:

Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)

Video resolution:-O- (cm)

Video Color resolution:-O- (bits)

Video Frame rate:-O- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:

--O--

How often is this video to the ground needed:-O-
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Facility/Hardware Name:Three Axis Acoustic Levitator
Abbr:3AAL

9

The facility has the following Data requirements:

Peak Data Rate:-0- (kBps)

Duration at Peak:-0- (min)

Average Data Rate:-0- (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-0- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements:

Audio Duration between the ground and the Lab:-0-

Describe the audio requirement:-0-

(min)

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- (cm)

Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
-O-

How often is this video to the ground needed:-0- 9

9
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Facility/Hardware Name:Vapor Crystal Growth System

Abbr:VCGS

The facility has the following Data requirements:

Peak Data Rate: 20.O000(kBps) .

Duration at Peak:-O- (min)

Average Data Rate: 20.0000 (kBps)
Duration Total: -0- (min)

Peak Uplink Data Rate:-O- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-O- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab: 5.00000(min)

Describe the audio requirement:monitor and adjust as PI prescribes

The Facility has the following Video system requirements:

Video feild of view X:-O- x Y:-O- (cm)

Video depth of feild:-O- (cm)

Video resolution:-O- (cm)

Video Color resolution:-O- (bits)

Video Frame rate:-O- (fps)

Video duration at highest resolution:-O- (min)

Video to the ground Y/N:y

Describe the information that is sent to the ground:

--O--

How often is this video to the ground needed:every hour
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! ....... ° I
I .......................................................................................................................... I

IFacility:Ad. AutomatedDirectional Solidification Acronym:AAOSF I
! .... I
I ............................................................................................................................. I

IStepNumberl StepDescription _ Step I Creu : PouerIThermal:DataRatelYideol Comments I
l ........... I ITime(min)ITiH(ein)l (kN) I (kN) I (kbps) IKey11 :
I Usedfor I I.........+.........+.........+.........+.........l l :
I this I lTotal lunlTot. CrewlEnergy]nlEner. OutlTot.Data_ I I
:Carrier Y/NI ]Time(min):Time(min)l(kNHrs.)l(kN Hrs):Dwn.(kB)l l :

:l.O I Groundto station activities. I-0- I-0- :-0- J-O- :-0- : -0 I Thesestepsincludea|]:
,'--- ........ ,' :......... +......... +......... +......... +......... + Igroundbasedand ]
I : I I : I : : :transportation I
: NO : : O.O00OOlO.O0000l0.00000_ O.OOO00l0.00000: loperations. I

I........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
:1.1 l Groundpreparationof samples. I-0- I-0- :-0- l-O- l-O- : -0 I I
:...........I :.........+.........+.........+.........+.........+ : l

l NO : : o.00000:O.O00001O.O0000:O.OO0OO:O.OOO00: : :

l + + + + + + + + :.................................................... .--. ..................................... --............................

11.1.1 I Groundprepartion of sample. _-0- i-O- :-0- :-0- :-0- : -O I
i...........I :.........+.........+.........+.........+.........+ : :

: NO : I 0.000001 0.00000: O.O0000l0.000001 O.O000O:-I :

i...........+....................................+.........+.........+.........+.........+.........+....+.........................
11.1.2 I Hovesampleinto ampoulesand : 120.000_ 0.00000:-0- :-0- I-0- I -0 I I
I...........Isealthem. _.........+.........+.........+.........+.........+ i I

: NO l I 120.0001 O.O0000_O.O00OO:O.O0000:0.00000: : I

:...........+....................................+.........+.........+.........+.........+.........+....+.........................:
II.2 : Transportsamplesandunique :-0- i-O- I-0- i-O- _-0- I -0 I I
:...........:equip.toSpaceSta. :.........+.........+.........+.........+.........+ : I

l NO _ : 120.0001 0.000001 O.O0000l 0.000001 O.OOO001 _ :

:...........+....................................+.........+.........+.........+.........+.........+....+.........................:
11.2.1 I Securesamplesinto furnace I lO.O0001O.OOOO0:-O- I-0- l-O- : -0 :
I...........l|odule. I.........+.........+.........+.........+.........+ : I
I : I I I i I I I I
: NO : : 130.0001 O.OOOO01O.O00001O.OOO00:O.O0000: I I
I : : l I l : : l :
:........... +.................................... +......... +......... +......... +......... +......... +.... +......................... :
11.2.2 l Securefacility into experimentI 6O.O00Ol0.000001-0- I-0- I-0- I -0 1
:...........:rack. l.........+.........+.........+.........+.........+ : :

: NO I : 190.0001O.O0000_0.0000010.00000:O.OOOOOl _ I

I...........+....................................+.........+......:--+.........+.........+.........+....+.........................I
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, !

IFacHity:Ad.AutomatedDirectionalSoLidification Acronym:AADSF I
! I

IStepHumberl StepDescription I Step : Crew : PowerIThermal:DataRatelVideol Comments
........... _ ITime(min)_Time(min)l(kg) I (kg) I (kbps) IKeyII ]
IUsedfor I I.........+.........+.........+.........+.........I I I
I this I ITotaLRunlTot.CrewlEnergyInlEner.OuHTot.Datal I I

:CarrierY/N: lTime(mJn)lTime(min)l(kgHrs.)l(kgHrs):Dwn.(kS)l : :

11.2.3 : Secureexperimentrack, ] 60.0000_ 0.00000_-0- _-0- {-0- I -0 _ I
I...........Icontainingthefacility,into I.........+.........+.........+.........+.........+ : I

Hogisticsmodule. _ _ _ I _ _ I I
I NO _ I 250.0001 0.000001 0.00000_ 0.000001 0.000001 I I

I...........+...................................._.........+.........+.........+.........+.........+....+.........................I
J2.0 J Transportexperimentalfacility I 120.000_ 120.0001-0- I-0- I-0- I -0 I Thesesteps_iil be l
'........ 'fromLogistics moduleto carrier. _......... +......... +......... +......... +......... + Iperformedonceat the I
I I I _ _ I I ] Ibeginingofthemission.]
I NO I I 370.000_120.00010.0000010.00000_O.O00001 I I
I I I I I I I I I I

• .... !
I ........... ÷ .................................... ÷......... ÷......... ÷......... ÷ ......... ÷......... ÷.... ÷..................... !

:2.J : Secureexperimentrack in carrier_ 60.00001 60.0000_-0- :-0- :-0- _ -0 1
..........._Iocationassigned_ormission. _.........+.........+.........+.........+.........+ _ I
I I I I I I I ] I I
I _o I _ 4_o.ooo_1_o.ooo_ o.00ooo_o.0oo00_ 0.0o000_ _
I I I I _ _ I I I I
...........+....................................+.........+.........+.........+.........+.........+....+.........................I
12.2 : Connectrequiredinterfacesto ] 20.0000120.00001-0- :-0- :-0- I-0 I I
I...........Irack. I.........+.........+.........+.........+.........+ I I
I I ] I I I I I I I
I NO I _ 450.000_ 200.0001 0.00000_ O.O0000_0.000001 I I

I...........+....................................+......_--+.........+.........+...._....+.........+....+.........................I

_2.3 _ Verifya11connectionsandcheck_ 30.0000130.0000_0.00_0_0.00000_-0- I-0 I I
I...........Ifor Leaks. I.........+.........+........:+.........+.........+ I I

I NO I I 480.0001 230.0001 0.00000_ O.O0000_0.00000{ I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

13.0 I Reviewexperimentforpreparation]IO.O0001IO.O0001-O- I-0- I-0- I-0 I Thesesteps_illbe I
I...........lofrun. I.........+.........+.........+.........+.........+ lacompIishedpriortoeachl
I I ] I I _ I I landeveryrun. I

YE I _ 490.000_240.000_0.000001O.O0000_O.O0000l _ I
I I ] I I I I ] I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

:3.l.l : Reviewexperimentalprocedures.: I0.00001I0.00001O.O00001O.O00001-O- I-0 1
!..........., _.........+.........+.........+.........+.........+ _# #

I I { I { I I I I I
I _E I I SO0.O0012S0.O0010.00o00_0.0000010.000oo{ I I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

G
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I...... !
! ........................................................................................................................... I

_FaciIity:Ad.AutomatedDirectionalSolidification Acronym:kADSF I
I................................................................................................................................. I

IStepNumber_ StepDescription I Step I Crew I PowerIThermalIDataRatelVideol Comments I
'- ' ITime(min)JTime{min)_(kW) J (kM) I (kbps):KeyI: I! .......... !

:Usedfor : _.........+.........+.........+.........+.........I I I
: this : :TotalRun,Tot.Crew:EnergyIn_Ener.Out,Tot.Data: I I

ICarrierY/N: ITime(min):Time(min)l(kNHrs.)l(kWHrs)_Dwn.{kB): : I

:3.1.2 : Hovesampleintothefurnace. _-0- :-0- I O.O0000_0.00000_-0- I-0 : I
' ' :.........+.........+.........+.........+.........+ I I!........... !

I YE I I 500.0001 250.0001 0.00000: 0.00000:0.000001 I I
I I I I I I I I I

I...........+..........................-.........+.........+.........+.........+.........+.........+....+.........................I

:3.1.3 I Securefurnace. :-0- :-0- : 0._000_0.00000_-0- :-0 I I
'...... ' _.........+.........+.........+.........+.........+ I :
I _ : _ I : I I I I

YE _ : 500.000_2S0.0001 0.00000: 0.00000_ 0.00000: : I

...........+....................................+.........+......_--+.........+.........+.........+....+.........................I
13.2.J : Secureall connectionsandseaIs.l JO.O000_JO.O00010.00000_ 0.000001-0- I -0 I I
,'...........,' I.........+.........+.........+.........+.........+ _ I

YE _ I 510.000_ 2_0.000:0.000001 0.000001 0.000001 I I

...........+....................................+.........+.........+.........+.........+.........+....+.........................I

13.2.2 I Turn-onprocessorfacility. ] 1.000001 l.O0000:0.350001 0.35000:-p- : -0 : Processor: 350H I
I...........: :.........+.........+.........+.........+.........+ I I

I _ _ I I I : I I I
: YE : _ 511.0001 261.0001 0.005831 _.00583: 0.00000: I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

13.2.3 _ Turn-onmastercontrollersystem,:5.00000_5.00000_0.3500010.35000:-0- :-0 : SEE3.2.2 I
I...........Ipowerconditioner,healer _.........+.........+.........+.........+.........+ I I
I Icontroller,anddatarecorder I I I _ I I I I
I YE ; _ 516.000: 266.000:0.029171 0.02917: 0.00000: : I

...........+....................................+.........+.........+.........+.........+.........+....+.........................I
_3.2.4 : Runsystemintegrity test. : 5.00000: 1.000001-0- :-0- I-0- : -0 :
I...........: _.........+.........+.........+.........+.........+ : I

: YE : : 521.000: 267.000: 0.00000_ 0.00000: 0.00000_ : :
I I : I : I : : I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................:

14.0 I Run. _-O- :-0- _-0- I-0- J-O- :-0 I ThesestepsincludeChel

I...........I I.........+.........+.........+.........+.........+ factualrunningofthe I
I : : : I I I Ifacility. I

I YE _ I 521.000:267.0001 0.00000] 0.00000_ 0.00000_ I I

I + + + + + + + + I.........................................................................................................................



Functional Flow
Analysis of the Commercial

Date:03/04/88 Carriers Hardware Page:6- 4

IFaci[ity:Ad. AutomatedDirectional Solidification Acronym:AADSF I
! .............. !

:Step Number_ Step Description _ Step _ Crew : Power _ ThermaJ:Data Rate:Video: Comments
........... _ JTime(Jin):TJee(tin): (kg) _ (kW) _ (kbps) ]Key I_ I

IUsedfor I I.........+.........+.........+.........+.........I : :

: this I lTotal RuniTot. CrewlEnergyInlEner. Out:Tot. Datal I :
:Carrier Y/N_ :Time{eJn):TJme(min):(kgHrs.)_(kg Hrs) CDwn.(kB): : :

14.J I Runprocess. I-0- I-0- I-0- _-0- l-O- I -0 1

:..........._ :.........+.........+.........+.........+.........+ :

: YE I : 521.000: 267.000: O.OOOOO:O.O000Ol O.O000Ol :
I I : : : : I I I
........... ÷.................................... ÷......... +......... +.....----÷ ......... ÷......... ÷.... ÷.........................

14.1.1 _ AdJust processingparameters. _ lO.OOO0_JO.OOOO:O.S50OO_O.SSOOO_-O- I -0 _ SEE3.2.2
,_...... , :.........+.........÷.........+.........+.........+ :I .... !

I I I : : : I : I

I Y£ _ _ 531.000_ 277.000_ O.058SS_ O.OSSSS_O.O00OO_
I I I I I I I I I
:........... +.................................... +......... +......... +......... +......... +......... +.... +.........................

:4.1.2 : Runfurnace and sample heat-up, : 120.000; 2.00OO0: 1.0OUOOZ0.50000: 0.5OOOO:-0 : Peak heal rejection is
........... _ _......... +......... +......... +......... +......... + :2500 W increasing from

: : : I I I I : 1350 g at 52.44 H/gin
Ye _ : 651.000_ 279.000: 2.00000: 1.00000: 3600.00: :

........... ÷.................................... +......... +......... +......... +......... +......... +.... +.........................
:4.1.3 : Runprocess to sample soak : 300.000: 12.0OOO: 0.90000:0.900001 O,50OOO:-0 : -0-

,'........... ,' l.........+.........÷.........+.........+.........÷ :

l YE I 1%1.000_ 291.000:4.500001 4.500001 9000.00: l
I l I I I l I I l
__L.........+....................................+.........+.........÷.........+.........+.........+....+.........................

_4.J.4 I Runprocess to gro, crystal _ ]4400.0_ 600.000_ 0.90000_ 0.90000_ O.5000O_-0 I Power equal heat loss
,'.......... -,' I ......... +......... +......... +......... +......... + IpJus SEE3.2.2
I l I I I l I I :

YE _ _ 15351.0¢ 891.OOOf 216.0_ 216.000_ 4S20OO.f I

l...........+....................................+.........+.........+.........+.........+.........+....+.........................:

:4.1.S : Turn-off furnace andalJo. it to I 180.0001 8.OOOOO:0.350001 0.90000: O.5OOOO:-0 : Heat rejection start all
I ........... lcooI-do.n. _......... +......... +......... +......... +......... + _2500Wdecreasing _o $50 1
: I : I : l : : IW at end of period I
l YE : : 15531.01 899.000: 1.05000:2.700001 5400.00f l l

: l _ f f I l l l :
l ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... :
14.2 l Run end. I-0- :-0- l-O- l-O- 1-0- : -0 I I
:...........I :.........+.........+.........+.........+.........+ I I

l YE _ I 15531.0: 899.000_ O.O000O_O.OOOOO_O.OOOO0_ _ I
I I I I _ I I I I I

: ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
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I " I

IFaciIJty:Ad.AutomatedDirectionalSolidification Acronym:AkOSF
I !
! ................................................................................................................................. I

:Step Number: Step Description I Step I Crew : Power : Thermal :Data RatelVJdeo: Comments

' ' :TJme{min):Tiae(min)l(kN) ] (kN) : (kbps) :KeyI:!........... l

IUsedfor I :.........+.........+.........+.........+........._

: this I :Total RunlTot. Cre.:Energy ]n_Ener. Out:Tot. Datal I
:CarrJer Y/H: :Time(mJn):TJme(mJn)l(kNHrs.):(kN Hrs) IDwn.(k8) I I

14.2.! _ Disassemblefurnace as required _ 120.0001 120.0001 0.35000_ 0.35000:-0- : -0 : SEE3.2.2

I........... Ito removemodule. I ......... +......... +......... +......... +......... + I

I YE I I 15651.01 1019.001 0.70000:0.700001 0.00000_ I

........... +.................................... +......... +......... +......... +......... +......... +.... +.........................

14.2.2 I Hove ampouJesfrom healer module I 20.0000: 20.00001 0.35000: 0.350001-0- I -0 I SEE3.2.2
I ........... _to gJovebox. I ......... +......... +......... +......... +......... + I

YE : _ I5671.0_ IO_9.OO: 0.116_7_ 0.11_7_ 0.00000:

....... __..÷ .................................... ÷......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷............... _.........

:4.2.3 : Turn-off controller. : J.O0000_ l.O0000: O.O000O_0.00000:-0- I -0 1
"...........!' _.........+.........+.........+.........+.........+ I

I YE : ": I5672.0_ 104O.O0:0.000001 O.O00OOlO.OOOOO: :

...........+....................................+.........+.........+.........+.........+.........+....+.....................

_5.0 : Removeampoulefromfurnace : IO.O_O_ I0.0000_0.00000_0.000001 O.O00OOl0 I -0-

:...........:_duIeand translationdevic. :.........+--_......+.........+.........+.........+ I

I NO I _ 15682.01I050.00:O.O00OO_0.00000_ 0.00000_ I

I + + + + + + + +

15.I I Packageampoulesin shock : 30.0000:30.0000_-0- :-0- I-0- I -0 _ ThesestepswJl]be

I...........IresJstantcontainersforsafereturn_.........+.........+.........+.........+.........+ Ideleted_romthe [OC

I :to earth. I : l I _ I laission ana/ysis.
I NO I _ I5712.0_ 108O.O01O.OOOO010.00000_ O.O00001 I
I I I I I I I I I
! .........i --+ .................................... +......... ÷......... ÷......... +......... +......... ÷.... ÷........................
fG.0 I Run]OCIeve] characterization. :-0- I-0- ;-O- l-O- ]-0- I -O : Thesesteps ,Jl] be '

,'.........-- ,' : ......... +......... +......... +......... +......... + fperformed during the [OC
: : : : _ I l I :period
: NO l : 15712.0: I080.OO: 0.00000_ 0.00000:O.OOO001 l

I ........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
16.I I RevJe.and anaJyzeproduct. _-O- _-0- l-O- I-0- :-0- I -0 I I

,!........... ,! :.........+.........+.........+.........+.........+ I I

I NO : _ 15712.0_ 1080.00: O.O00OO_O.O00001 O.OOO00: I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
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IFacility:Ad. AutomatedDirectionalSolidification Acronym:AADSF

IStep Humberl StepDescription I Step I Cre, : Po,er : Thermal:DataRate[Video] Coiments
,'........... ,' :Tiae(min)JTime(min)l(kW) I (kW) : (kbps) IKey l:
: Usedfor I I......... ÷......... +......... ÷......... +......... I I
: this : [Total RunlTot.Cre,IEnergyIn[Ener. OutlTot. Data: I
ICarrier Y/N: ITime(min):Time(Jin)l(kWHrs.)l(kWHrs)IDwn.(kB): I
I !

16.1.01 : Viewandphotographboulethrough: 10.00001 10.000010.00000: 0.000001-0- I -0 I {
:........... :wall of ampoule. [......... +......... +......... +......... +......... + _ :
I : I I I I I I I :
: NO : : 15722.01 1090.0010.000001 0.000001 0.00000: : [

f........... ÷.... _............................... ÷......... ÷......... ÷......... ÷......... ÷......... +.... ÷......................... [
:6.1.02 ] DisassembLeampou|eandremove : 30.0000:30.00001 0.200001 0.200001-0- : -0 : Glovebox: 200W I
:........... :boulefromampoule. :......... ÷......... ÷......... +......... +......... ÷ { I

HO I : I5752.0: 1120.00: 0.10000: 0.10000: 0.000001 { {
[ I I I I I I I I I
I........... ÷.............................. ; ..... ÷......... ÷......... ÷......... ÷......... ÷......... ÷.... +.........................
I_.1.03 : Operateetchingequipmentto etch_ 30.00001 30.00001 0.200001 0.20000_-0- I -0 : GLovebox: 200W :
l........... Igrowthresiduefromproduct. :......... ÷......... +......... +......... ÷......... + I I
I : I [ : I [ f : [
I NO I : 15782.01 1150.00:0.100001 0:1000010.00000: I [

........... ¢ .................................... ÷......... ÷......... ÷......... +......... ÷......... ÷.... ÷...... - .................. ,

]6.1.04 : Viewandphotographproduct. : 10.0000:10.00001 0.200001 0.200001-0- : -0 : SEE5.1.3
,........ , :......... +......... +......... +......... ÷....... _-÷ : :
[ : I I : [ : [ I :
: NO : l 15792.0: 1160.00: 0.033331 0.033331 0.00000[ I :
I : I I : I I I I :
I........... +.................................... +......... ÷......... ÷......... +......... ÷......... +.... +............ "............ I
:6.1.05 I Operatemassmeasurementdevice : 20.00001 20.00001 0.220001 0.22000:-0- I -0 I Glovebox: 200W;Hass:
:........... landmeasuremassof boule. I......... +......... +......... +......... +......... + Imeasurement: 20 W I
I I I I I I I I I I
: ,0 I : 15812.0:1180.001 0.073331 0.073331 0.000001 : I

:........... +.................................... ÷......... +......... ÷......... ÷......... ÷......... +.... ÷.........................
16.1.06 : Operatedimensionaldevice to ] 10.0000: lO.O000[0.200001 0.200001-0- : -0 I SEE5.1.3
:........... Imeasurephysicaldimensionsof I......... +......... +......... +......... +......... + _ I
I lbouIe. : ] : : : : : I
: NO : [ 15822.01 1190.00: 0.03333: 0.03333f 0.00000: : [
I I I I I I I I I I
I........... +.................................... +......... +......... +......... +......... +......... +.... +......................... f
16.1.07 : Operatecuttingunit to slice I 40.0000: 40.0000: 0.95000: 0.950001-0- ] -0 I GLovebox_ 200W; :
[........... Isamp|e,afar fromboule. I......... +......... +......... +......... +......... + _Cutting/Polishing : 750WI
I I I I I I I I I I
I NO I I 15862.01 1230.001 0.633331 0.633331 0.000001 f :
I I I I I I I I I I
I........... +.................................... ÷......... ÷......... ÷......... ÷......... ÷......... ÷.... +.........................

a
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I ...................................................... - .......................................................................... I

IFacHity:Ad.AutomatedDirectionalSolidification Acronym:AAOSF I
I............................................................................................................................... I

IStepNumberl StepDescription I Step { Crew : PowerIThermaI:DataRate:Videol Comments I
' - -' ITJme(min)ITime(min)l(kW) I (kW) :(kbps):KeyI[ :#......... !

: Usedfor : I......... +......... +......... +......... +........ : : I
: this : :TotalRun:Tot.Crew:EnergyIn:Ener.OutlTot.Data: : :

:CarrierY/N: :Time(min)lTime(mJn):(kNHrs.):(kXHrs)IDwn.(k8)l I :
÷ . ...I

:6.1.08 : Viewandphotographwafers. : IO.O000:lO.OO00:0.20000:0.20000:-0- :-0 : SEE5.1.3
............' I.........+.........+.........+.........+.........+ I II I

I I I : I I I I I I
I NO { _ 15872.0[ 1240.0010.03333: 0.03333_ O.OOOO0: I :

I ........... +.................................... +......... ÷......... +......... +......... +......... +.... +..................... '
I

16.1.09 I OperatepoJishingdeviceto I 40.00001 40.00001 0.95000: 0.950001-0- : -0 : SEE5.1.7
I...........IpoJishwafers. :.........+.........+.........+.........+.........+ _ I

I NO : : 15912.01 1280.00: 0.63333: 0.633331 O.O00001 { I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
16.1.10 I Viewandphotograph.aferusingI 40.0000140.000010.1500010.150001-0- I-0 I Hicroscopesystem: 1501

:...........:microscopesystem. _.........+.........+.........+.........+.........+ :W I
I I I I I I : : I I

[ NO : : I5952.0:1320.001O.lOOOOl0.I0000:O.O00001I I
I I I I I I : I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
:6.1.11 : Operateetchingdeviceto etch : 30.00001 30.0000[ 0.20000: 0.20OOOl-O- : -0 Glovebox: 200H :
I...........:.afer. :.........+.........+.........+.........+.........+ :
I : I I I I I I I
I NO : : 15982.0:1350.001O.IOOOOlO.lOOO01O.OOOO01 I

: I I : I I I I :
I...........+....................................+.........+.........+.........+.........+.........+....+.........................:
16.1.12 : Viewandphotographwaferusing : 40.00001 40.0000: 0.12000: 0.120001-0- I -0 : SEE5.1:10 I
: ........... :microscopesystem. I......... +......... +......... +......... +......... + I [
I I I I I I I I [ I
I NO : : 16022.01 1390.001 O.O800Ol 0.080001 O.O00001 : :
: : I I I I I : I :
:...........+....................................+.........+.........+.........+.........+.........+....+.........................:
16.1.13 I Repeat 6.1:11 and 6.1:12 as _ 70.0000: 70.00001 0.180001 0.180001-0- I -0 : Avg Power for steps I

:...........:required. _.........+.........+.........+.........+.........+ : :
I I : I : I I : I I
I NO I : 16092.01 1460.001 0.21000:0.210001 O.O00OO_ : I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
:6.2 I Verify wafercrystal structure. I-0- I-0- I-0- :-0- 1-0- : -0 : I
'...........' I.........+.........+.........+.........+.........+ I II I

I I : : I : : I I :
I NO : _ 16092.01 1460.001 O.OOOO0_O.O0000:O.O000O: : I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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I ................................................................................................................................. I

IFacility:Ad.AutomatedDirectionalSolidification Acronym:AADSF
I ................................................................................................................................. I

!

IStepNumber StepDescription I Step I Crew I PowerI ThermalIDataRatelVideol Comments ,
' .....' ]Time(ain)ITime(min)l(kW) I (kW) I (kbps) IKeyLl I
I ...... J

J JI Usedfor I ,.........+.........+.........+.........+........., I I

) this l !Total Run]Tot. Crew]EnergyInlEner. OutfTot. Data! : I

:CarrierY/NI )Time(zin):Time(min):(kWHrs.)l(kNHrs)IDwn.(kB)l l :
J °I

{6.2.1 I View uafer using x-ray system I IBO.O00f 180.0001 1.500001 i.SO0001-O- : -0 I X-ray system J
I...........l(topography). I.........+.........+.........+.........+.........+ l(topography)_ ISO0H )

I I I I I I I I I I

I NO : I 16272.0:1640.001 4.500001 4.500001 0.000001 I I

+
I ........... +.................................... +......... +......... ÷......... ÷......... ÷......... +.............................

16.2.2 I Operate HaH probe to anaJyze I 40.0000] 40.0000:O.SO0001 O.SO0001-O- I -0 I Hail probe : 500 N I
I...........lwafer. :.........+.........+.........+.........+.........+ I :

: NO : I 16312.01 1680.00: 0.33333: 0.33333: 0.000001 I I

J........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷......... ÷.............................

6.2.3 : OperateelectricaIconductivity: 20.0000120.0000:0.015001O.OISO01-O- I -0 : E|ectricaIconductivity)

...........:probetoalyzewafer. I.........+.........+.........+.........+.........+ Iprobe: ISH )

I I : I I I I I I

NO _ I 16332.011700.001O.OOSO0: O.OOSO010.000001 T I

...........+....................................+.........+.........+.........+.........+.........+....+.........................I

6.2.4 I OperateFTIRtoana|yzewafer. I 40.0000:40.00001 1.S0000:1.5000010.0000010 I -0-

...........I _.........+.........+.........+.........+.........+ I I

NO : I 16372.011740.00:1.000001 L.O000010.000001 : )

I...........+....................................+.........+.........+.........+.........+.........+-_--+.........................I
I ' J I J J f ',7.0 , Reviewdata. -0- J-O- ,-0- J-O- -0- • -0 Thesesteps wiJ] be l
' ........... ' I ......... +......... +......... +......... +......... + Iperformed for both the I
J I

I l : : I ) I : IIOCand Growthmissions.)

l NO I I 16372.0) 1740.00) 0.00000) 0.00000) 0.00000) l )
I I I I I I I I I I
I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
17.1 I Secureand store products. I _0.00001 30.00001 0.200001 0.200001-0- I -0 I Glovebox : 200 g plus )
' -- ' I.........+.........+.........+.........+.........+ :_.I.l :
I......... I

) HO I : 16402.0]1770.0010.I0000]0.10000) 0.000001 I :
: ) I : I I ) I ] f

........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
I I ' ' I_ J .... I_ _ I _ I !,7.2 ! Reviewpost experiment data. ,-0- , O- j 0 , 0 , 0 0
:...........: I.........+.........+.........+.........+.........+ I I

I I I I : I I I I I

I NO : I 16402.0] 1770.0010.000001 0.00000]0.000001 I I

I I I I I I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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I .......... I

! ....................................................................................................................... I

IFacJllty:Ad.AutomatedDirectionalSolidification Acronym:AADSF I
! .... I
! .................................................................. o. ......................................................... !

IStepNumberl StepDescription I Step [ Crew : PowerIThermal:DataRate_Videol Comments I
'-- ' :Time(min):Time(min)_(kH) : (kW)f {kbps):KeyI: :! ......... !

IUsedfor I ].........+.........+...._....+.........+.........I : I

I this ] ]TotalRun:Tot.CrewlEnergyIn]Ener.Out]Tot.Data] I I
ICarrierYINI ITJme(mJn)ITJme(min):(kNHrs.):(kWHrs):Dwn.(k6)l I I

17.2.1 I Verify data as required. I 30.0000:30.00001 O.O00OO:0.00000:-0- : -0 I I
'........! I.........+.........+.........+.........+.........+ I I

I NO : _ 16432.0:180O.O0:0.000001O.OOOO01O.O000Ol : I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
_7.2.2 : Verify correlation of I 30.00001 3O.O00O_0.00000: 0.000001-0- I -0 I I
I...........:experimentalparameterstoresults.:.........+.........+.........+.........+.........+ I I

I NO I _ 16462.0_ 1830.001 O.OOOOO_0.000001 0.000001 I I
I I I f I I f f l
f...........+....................................+.........+.........+.........+.........+.........+....+.........................l
_7.2.3 I Reviewnextrunparameters. I 60.0000_60.0000_0.0000010.00000:-0- :-0I I
'..........' I.........+.........+.........+.........+.........+ I I# " I

I I I I _ I I I I I
NO _ : 16522.01 1890.001 O.O00OOl0.00000: 0.00000: I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
18.0 I Cleanequipment. I-0- I-0- :-0- I-0- I-0- I-0I Thesesteps,iI]be I

'....... ' _.........+.........+.........+.........+.........+ Iperformedattheendo_ I! .... !

I _ l l I I ) I )the90daymissionor I
) NO I _ I_22.0_1890.00_0.00000:O.O000010.000001 l_enneeded. I

I I I I : I I I I
l...........+....................................+.........+.........+,........+.........+.........+....+.........................I
18.1 : Cleanequipmentas needed. _ 30.0000l 30.00001 0.00000: O.O0000_-O- : -0 I I
f........... : : ......... +......... +......... +......... +......... + : I

f NO I I I6552.01 1920.001 0.000001 0.000001 0.000001 I I
I I I I I I I f I I
f...........+....................................+.........+.........+.........+.........+.........+....+.........................I
:8.2 I Secureequipmentas needed. _ 90.0000190.00001O.OOOO01O.OOOO01-O- : -0 1
,'.......... - !' I......... +......... +......... +......... +......... + I I
I I I I I I I I I I
I NO : _ 1_42.0_ 2010.00: O.OOOO0:O.O00OOlO.OOO001 _ I
I I _ I I I f I I f
f...........+....................................+.........+.........+.........+.........+.........+....+.........................I

: TOTALS IRunTimeICrewTime,Eng.In IEng.OutI Data : :
I I 1_642.0: 2OIO.O0:232.5281 233.178: O.O00OOl
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I .... ]

IFaciIity:ChemicalVaporTransport Acronym:CVT I i

IStepNumberl StepDescription ] Step I Crew I PowerIThermalIDataRatelVideol Comments I
,J........---,' _Time(min)TTime(min)_(kg)_ (kW) I(kbps)IKeyI_

)Usedfor : :.........+.........+.........+.........+.........: :
: this _ :TotalRun:Tot.Crew_EnergyIn[Ener.OutlTot.Oata[

:CarrierY/N: :Time(min):Time(min)l(kWHrs.):(kNHrs):Dwn.(kB): I

[I.O I Groundbasedoperations. :-0- I-0- I 0.0000010.00000:0.000001-0 -0-
I...........: I.........+.........+.........+.........+.........+ :

I NO : I 0.00000:0.0000010.00000:0.00000:0.00000: :

I...........+....................................+.........+.........+.........+.........+'-_......+....+..........................I
_2.0 I Initial setup. _-0- _-0- _ 0.00000_ 0.00000_ 0.00000_-0 I -0-
I...........I I.........+.........+.........+.........+.........+ I I

: NO : I 0.0000010.000001O.O0000f0.0000010.000001 : I
I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

[2.1 I TransportfacilityfromresupplyI 120.000:120.00010.0000010.0000010.000001-0 I -0-
)...........:moduleandintefacetocarrier ).........+.........+.........+.........+.........+ :

) :location. : ) : : : I I (
) NO I ) 120.000) 120.000) 0.000001 0.00000) 0.000001 ) )

I I [ I I I I I : I
...........+....................................+.........+.........+.........+.........+.........+....+.........................)

[2.2 [ Securefacilityinplacefor [ SO.O000ISO.O000IO.O0000I0.0000010.000001-0 I -0-

:...........[operation. _.........+.........+.........+.........+.........+ _ I •

) NO I I ISO.O00_150.00010.00000:0.00000:O.O0000: : I
I I I I l I I l I :
I...........+....................................+.........+.........+.........+.........+.........+....+.........................)

:2.S : Verifyproperconnectionsand I 10.00001I0.000010.00000:0.0000010.000001-0 I -0-
:...........)checkfor leaks. :.........+.........+.........+.........+.........+ : )

) NO : I 160.0001160.0001O.O00001O.O0000I0.000001 ) )

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
_2.4 _ Reviewexperimentprocedures._ SO.O000_SO.O000_0.00000_0.00000_0.00000_-0 _ -0-
' -- ' I.........+.........+.........+.........+.........+ I )!......... !

I I I I : I I [ I I
: HO I : 190.0001190.000[0.0000010.00000)0.00000: : I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

]2.5 I TurnonCVTmainpowerswitches.I 1.0000011.0000010.0600010.0600010.000001-0 : -0-
I...........I I.........+.........+.........+.........+.........+ I )

) NO : _ 191.000_191.000)0.00100_0.00100_0.00000_ :

I I I : I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

(
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Date:03/04/88 CarriersHardNare Page:6-11
I ............. "
I . " ................................................................................................................... !

:Facility:ChemicalVaporTransport Acronym:CYT I
I ..... I
I ......................................... " .................................................................................. I

IStepNueber: StepDescription : Step _ Cre, I Po,er I ThermalIDataRatelYideol Coements I
,"- ......... ,' ITiee(ein)ITl|e(ain)l (kW) I (kW) I (kbps) lJey [I I
: Usedfor : :......... +......... +......... +......... +......... : : I
I this _ :Total Run,Tot.CreulEnergyInlEner. Out:Tot.Datal : :
ICarrier Y/H: ITime(|in):Ti|e(min):(kW Hrs.)f(kWHrs) :D,n.(kB) I : :

12.& I Turnonmaster I ].000001 J.OOOOOfO.2JO001O.2JOOOf0.000001-0 I -0-
I........... Icontroller/sequencer,data recorder,l......... +......... +......... +......... +......... + _ I
: landGRID. _ : l I l I : )
I _o I I 192.0ooi 192.o001 0.0o_5010.003501 o.oooo01 I I
I I I I I I I I I I
........... +.................................... ÷......... +......... +......... ÷......... +......... +.... ÷......................... I

12.7 I Runself test progral. I ].OOOO011.000001 0.2100010.2]0001 0.000001-0 : -0-
:........... : I......... +......... +......... +......... +......... + I

NO I I ]9_.000l 19_.000: 0.00_50_ 0.00350l 0.00000_ l

I ........... ÷.................................... ÷......... +......... ÷......... ÷......... ÷......... +.... +.........................

_2.8 I Disengagelaunchlocksongro,th : 2.000001 2.000001 0.210001 0.21000:O.OOOO01-0 I -0-
I........... :cartridges and test to verify full I......... +......... ÷......... +......... +......... ÷ :
I Irangeof lotion. _ I I I I : I
I NO f : 1_5.0001 195.0001 0.00_001 0.00700: O.O0000f I

I........... ÷.................................... ÷......... +......... +......... +......... +......... +.... ÷.........................
I_.1 I Insert film into bathcamerasandl _.O000O:_.00000:0.210001 0.210001 0.000001-0 I -0-
I ........... _connectto controller. I......... ÷......... +......... ÷......... +......... ÷ I '
I I I I I I : l l
I YE I I 198.000_ 198.000:0.010501 0.010501 0.000001 I

I ........... ÷.................................... ÷......... +......... +......... ÷......... +......... ÷.... ÷.........................

13.2 I Turnonheatercontroller andrunl 8.000001 8.00000:0.210001 0.210001 O.O0000l-0 I -0-
I........... Iself test program. I......... +......... +......... +......... +......... ÷ l

I YE _ I 206.0001 206.0001 0.028001 0.02800_ O.OOO00J I
I I I I I I I I I
........... +.................................... +......... +......... +......... ÷......... +......... +.... +.........................

13.4 l Verify cannisterpressureat ! I [.O00OOl1.000001 0.21000: 0.21000l 0.000001-0 : -0-
I........... :psi. :......... ÷......... ÷......... ÷......... +......... + I

: YE I I 207.000_ 207.000:0.003501 0.003501 0.000001
I I I l l _ l l :
I........... ÷.................................... ÷......... ÷......... ÷......... +......... ÷......... +.... +.........................
14.01 I Run,arm-upphaseby activating : 30.0000_ 2.000001 0.690001 0.210001 0.200001-0 I -0-
I........... Ithe GRID. l......... +......... +......... +......... +......... ÷ I

I YE I I 237.0001 209.0001 0.345001 0.10500l 360.000:
I I : I I I l I I
........... ÷.................................... +......... ÷......... ÷......... +......... +......... ÷.... +........................ i
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Date:03�04/88 CarriersHardware Page:6-]2
! ......................... I

IFacJ|Jty:ChemJcaJVaporTransport Acronye:OVT I
! ..................... l

:StepHumber_ StepOescription I Step : Crew I PowerI ThermaJ_OataRate_Video_ Comments
'........ ' ITime(min)ITime(min)l(kN) I (kY) I (kbps) IKeyII I

I Used for I I ......... +......... +......... +......... +......... I I I
I this _ _TotaIRun,Tot.Crew_EnergyIn_Ener.Out,Tot.Oata_ _ I

:Carrier Y/H: :Time(min):Time(mJn):(kNHrs.):(kN Hrs) IOwn.(kB) ] : :
............. J

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ....... J

14.02 : Verify proper temperature ramp. : 2.00000: 2.00000: 0.69000: 0.24000: 0.20000:-0 : -0-
, ........... , :......... +......... +......... +......... +......... + : :I I

I YE : : 239.000: 211.000_ 0.02300: 0.00800: 24.0000: I I

I ........... +.................................... +......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷..................... '

:4.03 : Heatup completion. ] 28.00001 0.0000010.6900010.6700010.200001-0 : -0-
, .... , :......... +......... +......... +......... +......... + :I ...... "!

: I : I I l I : :
YE _ _ 267.000_21I.O_ 0.32200_0.312671336.000_ I

I ........... ÷.................................... ÷......... +......... ÷......... ÷......... ÷......... ÷--°-÷ .........................

:4.04 : Verifypropercoretemperature I 1.00000:1.00000:0.69000:0.69000:0.20000_-0 : -0-
' ...... ' I.........+.........+.........+.........+.........+ I
! ..... I

I YE I I 268.0001 212.0001 0.01150: O.OiI50] 12.0000: I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

14.05 : Insertampoulesintotheproper I I.O00001I.O000010.6900010.6900010.200001-0 I -0-

_-'..........,v-'"'o"*h-_posJ_Jon. I.........+.........+.........+.........+.........+

I YE _ I 269.000_ 213.000: O.OLt50_ O.OllSO_ 12.0000_ I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

_4.06 _ RuninJtJa]growthstep. _ 30.0000; 0.0000010.6900010.7000010.20000:-0I -0-

!'...........,' :.........+.........+.........+.........+.........+ I I

: YE : : 299.000: 213.000:0.345001 0.350001 360.0001 : :

:...........+....................................+.........+.........+.........+.........+.........+....+.........................:

14.07 : Viewcrystalsandverify I 30.00001 30.000010.6900010.7000010.200001-0 I -0-

...........:acceptabJegrowthquality. _.........+.........+.........+.........+.........+

I YE I : 329.000_ 243.00010.34500_0.35000_360.000_ I

:........... +.................................... +......... +......... +......... +......... +......... +.... +.........................

_4.08 _ Adjust ampouJesas necessaryto I 15.00001 JS.00001 0.69000_ 0.70000_ 0.200001 -0 _ -0-
I ........... lobtain acceptable growth. I ......... +......... +......... +......... +......... + I

I YE ] : 344.0001 258.0001 0.17250l 0.17500: 180.0001 :

........... ÷.................................... ÷......... ÷......... ÷......... ÷.... =.... ÷......... ÷.... ÷ .........................
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I._
I ............................................................................................................................... !

IFaciJity:ChemicaIVaporTransport Acronym:CVT I
I..... I
; ............................................................................................................................ l

_StepNumberl StepDescription I Step ) Crew I Power: Thermal:DataRate:Videol Comments I

'-- - ' :TJme(min)_Time(min)_ (kW) _ (kN) : (kbps) :Key I: :! ........ !

: Usedfor I :.........+.........+.........+.........+.........I : I

this _ :Total RunlTot. CrewlEnergyIn:Ener. OutlTot. Oatal I I
:CarrierY/N: ITime(mJn):Time(mJn)l(kWHrs.)l(kNHrs) :Dwn.(kB): : :

14.09 : Assemblecameramounts and ) 15.0000: 15.0000: 0.69000) 0.70000: 0.20000:H3 _ -0-
I...........lactivatecamerasoncegrowthis J.........+.........+.........+.........+.........+ I I

)acceptable _ : _ : I : : I

I YE I I 359.0001273.00010.1725010.175001 180.0001 ) I

I I I I : I I I I :

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.10 I Run growthsequenceandverify _ 3284.00:60.0000:0.690001 0.73000_0.20000:-0I -0-

........... )proper growth quality and change I......... +......... +......... +......... +......... + _ I

:filmin camerasas needed. _ I I I I I I I

YE ) I 3643.00_ 333.000_ 37.7660_ 39.95531 39400.01 I I

..........:+....................................+.........+.........+.........+.........+.........+....+........................:I

4.1I I Run furnacecool-downsequence.I 79.0000_0.0000010.21000:0.210001 0.20000:-0I -0-

...........I I.........+.........+.........+.........+.........+ I I

YE : ) 3722.001 333.000: 0.27650: 0.27650: 948.0001 : I

.........................................................................................................................+ + + + + + + + I

14.12 ) Removeand stowcamerasequence.I 15.0000)15.000010.21000_0.21000)-0- I -0 I -0-

,"-.........,' I.........+.........+.........+.........+.........+ ) I

I : I I I I I : I I

I YE I , : 3737.00Z 348.000:0.052501 0.052501 0.000001 I I
I I I ) _ I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

:5.1 I RemoveanmpouIesto landing I 2.000001 2.00000_ 0.210001 0.210001-0- I -0 I Hardwareshould be )

I ........... Iposition. ) ......... +......... +......... +......... +......... + Imodified for sample I
I I : I : I I I Ichangeout. I

NO I I 3739.00: 350.000_0.00700:0.007001 0.000001 : I

...........+....................................+.........+.........+.........+.........+.........+....+.........................:
)5.2 ) Turn-offmasterpowerswitch. I 1.0000011.0000010.00000:0.00000)-0- : -0 I Hardwareshouldbe :

'.... ' :.........+.........+.........+.........+.........+ :modifiedforsample ), ....... !

: : : I I : : : :changeout. I

: NO I ) 3740.001351.00010.0000010.00000:0.000001 ) I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

15.2 I Turn-offmaster : 2.0000012.000001 0.00000:0.210001-0- I -0 I Hardwareshou|dbe I

:...........:controller/sequencer,datarecorder,:.........+.........+.........+.........+.........+ )modifiedfor sample I

) lheatercontro]/er,anmdGRID. ) I I. I : ) Ichangeout. )

HO ) I 3742.001353.000l0.000001 0.00700)O.O0000I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

I TOTALS IRunTime)CrewTimelEng.In IEng.Out I Data I :

I I 3742.001 353.000139.9070: 41.0540_ 0.00000_ )
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! ........................ !

IFaciIity:DIFFUSIVENIXINGOFORGANICSOLUTIONS Acronym:DNOS I
J ............................................................................... I

_StepNumber[ StepOescription _ Step I Crew [ Power_ThermaIIOataRatelVideo_ Comments I
'..........' _Tite(min)_Tiae(min)_(kN) _ (kN)_ (kbps)_KeyI_ I| " I

I Usedfor I I......... +......... +......... +......... +......... I I I
I this I ZTotaIRunlTot.CrewlEnergyIMEner.Out,Tot.Datal I I
:CarrierY/HI :TJme(min):Time(mJn):(kNHrs.):(kNHrs)IDwn.(kB)] : :

_i.0 _ GROUNDACTIVITIES I-0- I-0- _-0- _-0- I-0- I-0 I -0-
I...........I I.........+.........+.........+.........+.........+ I I
I I I I I I I I I ]
I NO I _ 0.0000010.00000_0.0000010.00000_0.000001 I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

_2.0 I REVIENEXPERINENTPROCEDURES I 30.0000130.000010.0000010.0000010.000001N I -0-
, _ , _......... +......... ÷......... ÷......... ÷......... +!.......... !

I NO I I 30.00001 30.00001 0.000001 0.000001 0.000001 I
f I I I I I l l I
I + ÷ + ÷ ÷ + + +

12.1 _ INSTALLUNIOUEEOUIPNENTIN _ 30.0000_30.O000T0.00000_0.00000_0.00000_N J OBSERVEFUNDANENTAL
..........._FACILITY _.........+.........+.........+.........+.........+ ISAFETYPROCEDURES

I NO _ I 60.00001 60.00001 O.O0000f O.O000010.00000_

]...........+....................................+.........+.........+.........+.........+.........+....+.........................
12.2 I INTERFACEEOUIPMENTINMID-BECKI 30.0000130.0000_0.00000_0.0000010.000001NI OBSERVEFUNDAMENTAL
I...........ILOCKER I.........+.........+.........+.........+.........+ ISAFETYPROCEDURES

NO _ f 90.0000190.0000_O.O000O_O.O00OO_0.00000_ I
I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.3 I INSERTTHEEACINTOTHEHID-DECK_ 5.000001 5.000001 0.025001 0.00000_ 0.000001N I -0-
I........... ILOC_ER _......... +......... +......... +......... +......... + I

I NO I I 95.00001 95.00001 0.002081 0.000001 0.000001 I
f I I f I f I I I
........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

I_.0 I PREPAREFOREXPERIHENTRUNREVIENI10.0000_ 10.0000_ 0.00000_ 0.000001 0.00000_N _ -0-
I...........ISTARTUPPROCEDURES I.........+.........+.........+.........+.........+ I I
I I I I I _ I I I I
I YE l I LOS.O001lOS.O001 O.O0000l 0.000001 0.000001 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
13.1 I RUNMASTERCONTROLLERSYSTENANDI S.O000015.0000010.07000_0.0700010.000001NI -0-
I...........IINTEGRITYTESTPROGRAN I.........+.........+.........+.........+.........+ I I

I YE _ _ llO.O00_ 110.000_ 0.00583_ 0.00583_ 0.00000_ _
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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I.................................................................................................................................I

IFacJ|Jty:DIFFUSIVEHIXINGOF ORGANICSOLUTIONS Acronym:ONOS I

! ......................................................................................................... I

IStepNumber: StepOescrJptJon I Step I Crew _ Power: ThermaJIDataRatelVideol Comments I

...........I ITiwe(min):Time(min)_(kN) I (kW) I (kbps) _KeyII I

I Usedfor I :.........+.........+.........+.........+........._ I I

I this I :TotalRunlTot.Crew:EnergyIn_Ener.Out,Tot.Data_ I I

ICarrJerY/N: ITJ=m(iJn)ITJn{mJn)l(kNHrs.):{kNHrs) :Dwn.(kB)I I I

14.0 _ RUNEXPERIHENTALPROCESSRUN I 2.0000012.00000_0.0700010.0700010.000001N I -0-

...........:INTEGRITYTESTPROGRAN _.........+.........+.........+.........+.........+ _ I

I YE I : ll2.000: ll2.000_ 0.00233_ 0.00233_ 0.000001 : I
I I I I I I I I I

! I
, ........... ÷-_ .................................. ÷......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷ ......................... ,

14.1 I INPUTPROCESSINGPARAHETERS I 5.00000:5.0000010.07000_ 0.0700010.50000:N I -0-

'..... ' _.........+.........+.........+.........+.........+ I I! ...... !

I YE ] : I17.000_117.00010.00583:0.00583: 150.000: I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.2 I RUNHEATUPPHASE I 15.0000_ 15.0000_ O.IO000_ 0.03000: 0.50000: N I -0-

'....... ' _.........+.........+.........+.........+.........+ I II .... !

I I _ I _ I I I I I

I YE I I 132.000_ 132.000_ 0.0250_ 0.007501 450.0001 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
14.3 f RUNFACILITYTO HEATUP TO DESIRE:40.0000_40.00001O.IO000l0.030001 0.500001N I -0-

:..........._TEHPERATURE _.........+.........+.........+.........+.........+ I I

I YE I I 172.000_ 172.0001 0.066671 0.020001 I200.001 I I

I I I _ I I I I I I
÷ ' .

, ............................................... + ......... ÷ ......... + ......... ÷ ......... + ......... + .... ÷.........................

14.4 : RUN FACILITYTO NAINTAINSET I I0080.01-0- I 0.I000010.0300010.500001N I NIXINGOF THE ORGANIC :
I...........:TEHPERATUREUNTILPROCESSIS :.........+.........+.........+.........+.........+ :SOLUTIONSTA_EPLACE I

: ICONPLETE I I I I I I I I
I YE I I 10252.0_ 172.000_ 16.80001 5.04000: 302400.I _ i

' ÷
! ............................................... +......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷......................... I

_4.5 _ ENDPROCESSRUN,ALLONSYSTEHTO I 60.00001-0- : 0.070001 0.230001 O.SO0001N I -0-
........... ICOOL :......... +......... +......... +......... +......... + : :

I _ I _ I I I I I I
I YE I I I0312.01 I72.000: 0.07000:0.230001 1800.00_ I I

' ÷
,............................................... ÷......... +......... +......... +......... +......... ÷.... +.........................

14.6 RENOVEEACFRONNIDDECKLOCKER I 30.0000: 30.0000: O.O000Ol 0.000001 O.O000OlN : -0-
I...........: :.........+.........+.........+.........+.........+ I I

I YE I _ 10342.0: 202.0001 0.00000_ 0.00000_ 0.00000: _ I
I I I _ I : _ I : I

' ............................................... ÷......... +......... ÷......... ÷......... ÷......... ÷.... ÷......................... I
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I............................................... . .................................................................................

_Faci]iCy:OIFFUSIVEHIXINGOF ORGANICSOLUTIONS Acronym:ONOS
I.................................................................................................................................

IStepHumberl StepOescription I Step I OreH I PowerI Therma]IOataRatelVideol Comments
I...........: :Time(min):Time(iin)l(kW)) (kN) : (kbps) :KeyII

IUsedfor _ _.........+.........+.........+.........+.........)

I this I ITotaIRunlTot.CrewlEnergyInlEner.OutlTot.Datal I

IOarrierY/NI ITime(min)ITime(min)l(kNHrs.)l(kNHrs)IDun.(kB)l I

_4.7 _ STOREEAC FOR RETURNTOTHE I 30.0000_30.0000_ 0.0000010.0000010.00000_N _ -0-

I...........IGROUNO I.........+.........+.........+.........+.........+ I

I I I I I I I I I

YE I _ 10_72.0_ 232.000_ 0.00000¢ 0.00000_ 0.00000_
I I _ I I I I ] ]
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

I TOTALS :RunTime _Cre,Time,Eng.In :Eng.Out _ Data I

I _ I0_72.0_2_2.000_ 16.7777_5._1150_0.00000_

G
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I . ............ I

IFaci|ity:Electroeptiaxla] CrystalGrowth Acronym:ECG I
I .................................. I

IStepHumberl StepDescription : Step ) Crew ) Pouer:ThermalIDataRate:Video: Comments :

' ' _TiH(min)_Time(zin)l (kW) _ (kW) _ (kbps) IKeyII I! ........... I

IUsedfor I :.........+.........+.........+.........+.........I I I

I this : _Total Run:Tot.CrewlEnergyIn_Ener.OutlTot. Oata_ I I
ICarrierY/N_ ITime(ain)_Time{m]n)l(kWHrs.)l(kWHrs)IO,n.{kB)l : I

IJ.O ) Groundbasedactivities. I-0- I-0- I 0.00000_0.0000010.00000_0 I -0-
'........' I.........+.........+.........+.........+.........+ I I" "°i

I NO I f 0.00000_ 0.00000_ 0.00000: 0.00000f 0.00000_ I I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

12.0 I InitialSetup I-0- :-0- _ 0.0000010.00000_0.00000:-0: -0-
'.... ' :.........+.........+.........+.........+.........+ I! ....... #

I NO _ _ 0.00000:0.00000)0.00000f0.00000f0.000001

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

_2.1 _ TransportFacHity fromresuppIy : 120.0001 120.000: 0.00000_ 0.000001 0.00000_-0 _ -0-
:..........._moduleandinterfaceto carrier I.........+.........+.........+.........+.........+ I
: IIocation. : I : I I _
I NO _ I 120.000_120.000f0.00000_0.00000_0.000001 I

...........+....................................+.........+.........+.........+.........+.........+....+.........................

)2.2 _ SecureFacilityinplacefor ) 30.00001_0.0000_0.00000:O.00000f0.00000_-0 ) -0-
..........._operation. I.........+.........+.........+.........+.........+
I I I I I I I I I
I NO : ) 150.000]150.00010.00000:0.0000010.000001 I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.3 I Verifyproperconnectionsand : 10.0000_10.0000_0.0000010.0000010.000001-0 : -0-
I...........Icheckfor|eaks _.........+.........+.........+.........+.........+ I

NO I I I_0.0001160.00010.00000f0.0000010.000001 I

I I I I _ I I I I
...........+....................................+.........+.........+.........+.........+.........+....+.........................I
_2.4 I Reviewexperimentprocedures.I 20.0000_20.0000_0.0000010.0000010.000001-0f -0-
'...........! :.........+.........+.........+.........+.........+ I! !

I I I I I I I I I

I NO I I 180.000I180.O00IO.O0000I0.00000I0.00000I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

13.1 I Insertgrowthchamberand _ 35.0000135.000010.00000:0.0000010.000001-0 I -0-

I...........linterfacepowerleads,purgelines,I.........+.........+.........+.........+.........+
: :anddataleads. ) ) : ) ) ) :
) YE I I 215.0001 215.0001 0.00000( 0.000001 0.000001 )
I I : I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................
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..... !

IFaci]ity:Etectroeptiaxial Crystal Grovth Acronym:ECG I

_Step Nu=ber_ Step gescrJptJon _ Step _ CreN _ Power_ Thermal _Data RatelVJdeol CoJ=ents I
' ....... ' _TiJe{iJn)_TJie(|Jn)_ (kW) I (kW) _ {kbps) _Key11 :t =" " = #

: Used for I :......... +......... +......... +......... +......... : : I
I this : ITotal RunlTot. CreuIEnergyInlEner. OuHTot. DaLai : :

:Carrier Y/N: :Tiie(min):Tile(min)l(kW Hrs.):(kWHrs) :D,n.(kS) } : :

13.2 I Secure the growth chamberin J 15.00001 15.0000] 0.00000_ O.O0000J 0.00000_ -0 I -0-

........... Iplace. I ......... +......... +......... +......... ÷......... + I

I YE I I 230.0001 2SO.O00J 0.000001 0.000001 O.O00OOl I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +.........................

_S.S _ Turn on ECGmaJnpowerswitch. I 2.00000: 2.00000J 0.020001 0.02000:2.000001 -O : -0-
' ..... # :......... +......... +......... +......... +......... + I! ...... I

I I I I I I I I I
: YE l I 232.0001 232.000_ 0.000671 0.000671 240.000: [

........... +.................................... ÷......... +......... +......... ÷......... ÷......... +.... +................ , ........
13.4 I Turn on processorcontroller, ] 2.000001 2.00000] 0.120001 0.120001 2.000001 -0 ] -0-
I ........... Ipower conditioner, heater controllerl ......... +......... +......... +......... +......... + I
: landdata recorder. : I : ) ) : )
I YE _ _ 234.000_2S4.000_0.00400{0.00400_240.000{ I

}........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
13.5 I Run system integrity test. I 5.000001 l.OOOO010.12000] 0.120001 2.000001 -0 I -0-
' .... ' I.........+.........+........+.........+.........+ :

YE _ I 239.000_2S5.000_0.0100010,01000_600.000_ I

I ........... +.................................... +......... +--_ ...... +......... +......... +......... +.... +.........................
13.6 : Turn on the hydrogen pruge valve : 5.000001 5.000001 0.120001 0.120001 2.000001 -0 I -O-
f........... land check systemfor leaks. I ......... +......... +......... +......... +......... + I

YE _ _ 244.000_ 240.000_ O.OIO00_ O.OIO00_ 600.000_ I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +.........................

14.1 I Run the pre-programmedgrowth I 10800.0: I80.OOOl 4.00000:4.000001 2.000001 -0 I shorter run times can
I ........... _sequencefor one module. I......... +......... +......... +......... +......... + :be used Lo produce

_ _ _ _ _ I I Is|allercrystals.

I YE J I 11044.0_ 420.000_ 720.000} 720.000} .12960E7_ I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
14.2 I Turn off hydrogenpurge valve. I 2.000001 2.000001 0.120001 0.120001 2.00000:-0 I -0-
........ ' I.........+.........+.........÷.........+.........+ _ I[ "" " # I

} YE J } 11046,0_ 422,000: 0,00400: 0,00400_ 240,000: J I
] I I : I I I I I I,
I........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
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IFacHity:EJectroeptiaxiaICrystalGrowth Acronym:ECG I

IStepHumberl StepDescription I Step I Crew I PowerI Therma]IDataRatelVideol Comments I

..........._ _Tiee(min):Tise(ein)_(kW) _ (kW} _ (kbps) _XeyI_ I

I Usedfor : I.........+.........+.........+.........+.........I I :

this I _rotalRun,Tot.Crew_EnergyIn_Ener.OuHToL. Oatal _ I

:CarrierY/N: ITime(mJn)ITime(min)l(kWHrs.):(kWHrs):Dwn.(kB): I :

14.3 I Turnoff controller,power : 2.0000012.0000010.0200010.020001 O.SO0001-0 I -0-

I...........Iconditioner,and datarecorder. I.........+.........+.........+.........+.........+ I

I I I I I I I I I

I YE I I II048.0_424.00010.0006710.000671 60.00001 I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

14.4 _ Turnoff mainpowerswitch. _ 1.00000_l.O0000_0.000001O.O000010.000001-0 I -0-

I...........I I.........+.........+.........+.........+.........+ I

I YE I l liOn9.01 425.0001 0.000001 O.OOO0010.000001 I

...........+....................................+.........+........._.........+.........+.........+....+.........................I

15.I I VerifygrowthmodulesatambientI 2.0000012.0000010.0000010.0000010.000001-0 I -0-

I ........... Itemperature. I ......... +......... +......... +......... +......... + I I
I I I I I I I I I I

I NO _ _ IIOSI.O_ 427.0001 0.00000_ 0.00000_ 0.00000_ I I
I I I I I I I I I I
...........+....................................+.........+.........+.........+.........+.........+....+.........................

15.2 I Removeprocessedsamplesand Ioadl 35.0000135.000010.000001O.OOOO010.000001-0 I -0-

I I I I I I I I I

NO _ _ II086.0_462.000_0.0000010.00000{0.00000_

I...........+....................................+-:.......+.........+.........+.........+.........+....+.........................

15.3 I Insertgrowthmodulesinto I IO.OOO01IO.OOO010.0000010.000001O.O00OOl-0 I -0-

I...........Ishippingcontainersand stow. I.........+.........+.........+.........+.........+ I

I NO I I II096.01472.0001 0.0000010.000001O.OOOO01 I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

TOTALS _RunTi_ ICrewTimelEng.In _Eng.Out I Data I I

I I 11096.01472.000_ 720.0291720.02910.000001 I
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I.................................................................................................................................

IFacJIity:ElectromagnetJcLevitator Acronym:EHL

I.................................................................................................................................

IStepHumber[ StepDescription I Step I Crew ] PowerI ThermalIDataRatelVideol Comments
' ...... ' :Time(min):Time(min)l (kW) : (kW) I (kbps) IKey l:
I ..... !

I IIUsedfor I ,.........+.........+.........+.........+.........! :

I this : :Total RunZTot.CrewlEnergyIn:Ener. OutlTot. Datal l

ICarrier Y/NI ITime(min)ITime(mJn)l(kM Hrs.)l(kN Hrs) IDwn.(kB) I I

II.O ] Groundbasedactivities. I-0- I-0- _ 0.000001 O.OOOO010.000001 -0 I -0-
......... ' I ......... +......... +......... ÷......... ÷......... ÷ I! "" !

I I I I I I I I I

I NO I I 0.000001 0.000001 O.O0000f 0.000001 0.000001 I
I I I I I I I I I
I...........+....................................+.........+.........+........"+.........+.........+....+.........................

12.0 I Initialsetup. I-0- I-0- I 0.0000010.0000010.000001-0 I -0-
,....... , I.........+.........+.........+.........+.........+ I I
! .... !

: NO I I 0.0000010.0000010.000001 0.0000010.000001 : :

I I I I I I I I I I
÷"

I ........... ÷ .................................... ÷ ......... ÷......... ÷ ......... ÷ ......... ÷ ......... ÷ ............................. t

2.1 l Transport facility frol resuppIy I 120.0001 J20.O001 O.OOOO010.000001 0.000001 -0 I -0-
...........Imoduleand _nterfacetocarrier :.........+.........+.........+.........+.........+ I I

Iiocation. I I J I I _ _ I
NO I" l 120.0001 120.0001 0.000001 0.000001 0.000001 I I

t I I f I I l I
........... +.................................... ÷......... +......... ÷......... ÷......... ÷......... ÷.... ÷......................... ]

2.2 I Secure facility in place [or I 30.00001 30.00001 0.000001 O.O000Ol 0.000001 -0 I -0-
...........loperation, l.........+.........+.........+.........+.........+ I I

: I I : I I I : I

HO I : ISO.O00f 150.000:O.OOOO01 0.00000:0.000001 : :
f t t I f I I f I

' ' I
........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷ ......... ÷.... +......................... ,

2.3 I Verify proper connections and I lO.O000_ lO.O0001 0.000001 0.000001 O.OOOO01-0 I -0-
...........Icheckfor leaks I.........+.........+.........+.........+.........+ I I

NO I I 160.0001160.00010.0000010.00000_0.000001 I I

I I I I I I I I I
........... ÷.................................... ÷......... ÷......... ÷......... ÷......... +......... ÷.... ÷.........................

2.4 I _eview experiment procedures. I 30.00001 30.00001 0.000001 0.000001 0.00000_ -0 I -0-
........... I I ......... +......... +......... +......... +......... +

I I I I I I I I
NO I I I90.0001 190.0001 0.000001 O.O0000f 0.000001 I

I I I I I f f I
........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷.........................

I Trun on easter powerswitch. I 2.000001 2.000001 0.0_0001 0.060001 0.000001 -0 I -0-

........... I I ......... +......... +......... +......... +......... + I
I I I I I I I

HO I I 192.0001 192.000_ 0.002001 0.002001 0.00000_ I
I I t t I I I I

........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷.........................
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I .................................... " ......................................................................................... I

IFacility:EJectromagneticLevitator Acronym:EHL I
!...... l
I ........................................................................................................................... I

_StepHumberl StepDescription I Step I Crew I PowerIThermal:DataRate_Videol Comments I
I........... I _Time(min)_Time(min)_(kW)) (kW) _ (kbps) :Key1_ I
IUsedfor I I.........+.........+.........+.........+........._ I I
: this _ :TotalRun:Tot.Crew:EnergyInlEner.Out:Tot.Datal : I
:CarrierY/N: :TiH(min):Time(min):(kNHrs.):(kNHrs)IDwn.(k8)I : I

12.6 I Trunondatarecorder. I 2.0000012.0000010.0700010.0700010.000001-0 I -0-
:...........I I.........+.........+.........+.........+.........+ : I
I I _ I I I : I : I

I NO I : 194.000:L94.0001 0.002_I 0.002_ 0.000001 I :

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
12.7 I Runsystemintegritytest. _ 5.0000012.00000:0.07000:0.0700010.000001-0 I -0-
I..........._ I.........+.........+.........+.........+.........+ : :

I I I I I I I I I :
I NO I [ 199.0001196.00010.0058_:0.0058_I0.00000_ I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.1 I Runprogrammedprocessforfirst_ 500.000_60.000011.2000011.20000:0.200001-0I -0-
:..........._sampIe. I.........+.......-+.........+.........+.........+ : I

I YE I : 699.0001256.000_"IO.O000_IO.O000:6000.001I I
I I I I I I _ I I I
I...........+.................-..................+.........+.........+.........+.........+.........+....+.........................I

14.2 I RepeatrunforfiveadditionalI 2700.00:60.0000:h20000:1.2000010.20000:-0I -0-
...........IsampJes. _.........+.........+.........+.........+.........+ _ I
: : I I I I : I I :
: YE I _ 3399.00_ 316.0001 54.00001 54.0000_ 32400.0: I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
IS.I : Turnoffmasterpowerswitch. I 2.000001"2.00000:0.0000010.0000010.000001-0 I -0-

,'...........,' I.........+.........+.........+.........+.........+ I :
I I _ I I I I I I I

I HO : : 3401.001 318.000_ 0.000001 0.000001 0.00000: : :

I...........+....................................+.........+.........+.........+.........+.........+....+.........................:
I TOTALS :RunTime:CrewTime:Eng.In :Eng.Out: Data I :

: _401.001 318.000_ _4.0102_ _4.0[021 0.000001 I
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I................................................................................................................................. I

IFacility:FLOATZONECRYSTALGROWTHFACILITY Acronym:FZCGF I

_StepNumber_ StepDescription _ Step _ Crew _ PowerI Thermal{DataRate_Video_ Comments I

I..........._ ITi|e(win)ITi|e(iin)_(kN) I (kN) I (kbps) IKeyII I

IUsedfor I I.........+.........+.........+---......+.........I I I

this [ ITotalRunlTot.Crew_EnergyInlEner.Out,Tot.Oata_ [ I

_CarrierY/NI _Time(|Jn)JTime(min)J(kWHrs.)_(kNHrs)lPwn.(kB)I _ I

II.O I Groundbasedactivities. I-0- l-O- 1-0- I-0- I-0- I HA [ ACTIVITIESARE [

..........._ _.........+.........+.........+.........+.........+ IPERFORMEDON THEGROUND I

I I I I I I I I I I

I NO I I O.OOO001O.OOO001O.O000Ol O.OOO0010.000001 I [

I ........... ÷.................................... ÷......... ÷......... +......... ÷......... ÷......... ÷.... ÷......................... I
]2.0 I REVIEWEXPERIMENTPROCEDURE I 30.00001_O.OOO01-O- I-0- I-0- I NA I -0-

I..........._ I.........+.........+.........+.........+.........+ I I

I I I I I I I I I I

I NO : I 30.00001 30.00001 0.0000oi o.oooool O.O00001 I I

...........+....................................+.........+.........+.........+.........+.........+....+.........................I

12.1 I INSTALLFACILITY I-0- I-0- I-0- _-0- I-0- I NA I OBSERVEFUNDAMENTAL I

...........I _.........+.........+.........÷.........+.........+ _SAFETYPROCEDURESIN THE I

I I I I I I I IINSTALLATIONPROCESS I

I NO I I _0.00001 _0.00001 0.000001 0.000001 0.000001 _ I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................l

12.1.1 [ INSTALLUNIOUEEOUIPMENTIN I _0.0000130.00001-0- _-0- I-0- I NA I OBSERVEFUNDANENTAL I

..........._FAGILITYRACKS _.........+.........+.........+.........+.........+ ISAFETYPROCEDURESDURINGI

I _ _ ] _ _ I _THEINSTALLATIONPROCESSI
I NO _ I 60.00001 60.0000] 0.000001 O.O00OOl 0.000001 I :

f...........+....................................+.........+.........+.........+.........+.........+....+.........................I

[2.1.2 I INTERFACEFACILITYRACKTO LAB I $0.0000130.00001-0- t-O- [-0- [ NA I OBSERVEFUNDAMENTAL [
[...........[ [.........+.........+.........+.........+.........+ ]SAFETYPROCEDURESDURING]

_ _ _ _ I l _ ITHEINSTALLATIONPROCESSI

[ NO I I 90.00001 90.00001 0.000001 0.000001 0.000001 I I
I I I I I I I I I I
...........+....................................+.........+.........+.........+.........+.........+....+.........................I

13.0 I PREPAREFOR EXPERIMENTALRUN I 30.00001 30.O000J-O- I-0- I-0- _ NA I OBSERVEFUNDAMENTAL I

I...........I I.........+.........+.........+.........+.........+ ISAFETYPROCEDURESDURINGI

I I t _ _ _ _ _THEPREPARATIONPHASE I

I YE I ] 120.0001 120.0001 0.000001 0.000001 0.000001 I [
I I I I I I I I I f

l...........+....................................+.........+.........+.........+.........+.........+....+.........................I

13.1 I REVIEWPROCEDURESFOR BEGINNINGI 5.0000015.000001-0- I-0- I-0- I HA I -0-

I...........IPROCESSOPERATION I.........+.........+.........+.........+.........+ I :

I YE I I 125.0001 125.0001 0.000001 0.000001 0.000001 I I
l [ f I I I I I I I
...........+....................................+.........+.........+.........+.........+.........+....+.........................I

G
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I .................................................................................................................................

IFacJIILy:FLOATZONECRYSTALGROWTHFACILITY Acronym:FZCGF
.................................................................................................................................

IStepNu_er) StepDescription I Step I Crew : Power:ThermalIOataRateIVideol Comments

'..........' ITiie(min):Time(min)l(AN) : (kg) _ (kbps) IKeyI_! " l

I Usedfor I :.........+.........+.........+.........+.........I I

I this I :TotalRun:Tot.Cre_IEnergyInlEner.Out:Tot.Oatal I

ICarrierY/NI ITime(min)ITime(min)l(kgHrs.)_(kgHrs) lDwn.(kB)I :

13.1.2 I POHERUP PROCESSORFACILITY : 1.0000011.0000010.0700010.070001 5.000001H : -0-

I..........._ _.........+.........+.........+.........+.........+ I I

I I : : I I I I I I

I YE I : 126.0001126.000_0.0011710.001171300.000_ I I

I...........+....................................+.........+.........+.........+.........+......:--+....+.........................I

13.1.3 I RUN HASTERCONTROLLERSYSTENTEST: IO.O000_I0.000010.0700010.07000:S.O00001H I -0-

I..........._PROGRAN I.........+.........+.........+.........+.........+ I

: YE I : 136.0001136.00010.011671 0.0116713000.00_

I I I I I I I I I
...........+....................................+.........+.........+.........+.........+.........+....+..............,..........

14.0 : BEGANPROCESSRUN I-0- I-0- I 0.0700010.070001 S.O00001-0 I -0-

' - ' :......... +......... +......... +......... +......... + I; .......... i

I YE _ I 136.000_136.000:0.00000: 0.000001 0.000001 :

I ........... +.................................... ÷......... +......... +......... +......... +......... +.... ÷.........................

:4.1.I I INPUTPROCESSINGPARANETER I I0.0000:10.0000_0.0700010.0700010.500001H I PARAHETERSNECESSARY

'.... ! _.........+.........+.........+.........+.........+ IFORFACILITYOPERATIOH! ....... !

I YE I I 146.000_146.00010.0116710.01167_300.000: I

I ........... ÷ .................................... ÷ ......... ÷ ......... + ......... ÷ ......... ÷......... ÷ .... +.........................

:4.1.2 : INITIATE PROGRAHNEDPROCESSRUN I 1.O000O: 1.00000: 0.070001 0.07000: 0.50000: N I -0-
"........... ,' :......... +......... ÷......... +......... +......... + I

: YE I I 147.0001147.000_0.001171O.OOlITl30.00001 I

I I I _ I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

14.1.3 _ RUN SAHPLEPROCESSINGAND I 700.00010.0000010.20000:0.06000:O.SO0001N _ OBSERVEFUNDAHENTAL

I...........ICONTINUEUNTILPROCESSCONPLETED _.........+.........+.........+.........+.........+ :SAFETYPROCEDURESDURING

I I : _ I I : : ITHISPHASE

I YE I _ 847.0001147.000_2._33_310.700001 21000.0: I

I ÷ + + ÷ ÷ ÷ ÷ ÷.........................................................................................................................

:4.1.4 : TURN-OFFHEATINGSYSTEHANDALLON: 30.0000:30.000010.0700010.070001 0.500001N : -0-

I...........ISYSTENTOCOOL I.........+.........+.........÷.........+.........+ I

I YE : _ 877.000:177.00010.03500_0.03500_ 900.000_ I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................
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! ............... I
I ......... . ........................................................................................ . ............... I

IFacJIJLy:FLOATZONECRYSTALGROWTNFACILZTY Acronym:FZCGF I
I ...... . ..................................................... I
I ..................................................................... P

IStep Number: StepDescription ] Step I Cre. I PoNerI Therma/IData Rate]Videol Comments I
' .... ' _TJae(ain)_TJme(JJn)_(kW) _ (kN) _ (kbps) _KeyI_t ....... I

I Usedfor I I......... +......... +......... +......... +......... I I I
this _ _Total Run[Tot.Crew[EnergyIn_Ener.OutlTot. Data_ I [

:Carrier Y/HI ITime(mJn):Time(min)l(kNHrs.)l(kWHrs) IDwn.(kS)I I I

_4.1.5 _ COHPLETEPROCESSRUN t 30.0000_ 15.0000¢ O.070UO_0.07000_ 0.50000¢N _ -0-
' ....... ' :......... +......... +......... ÷......... +......... + I I! .... I

I YE _ I 907.000_ 192.000_0.03500_ 0.03500_ 90O.O00_ I I

I........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
J4o]._ J ALLONHODULETOCOOL _ _OoOOOOlJO.O000:0.070001 O.2100OJO.OOO00JN ] -0-
' ........ ' :......... +......... +......... +......... +......... + I I

: YE : : %7.000: 202.0001 0.070001 0.210001 0.000001 : I
, , : I I

........... +.................................... +......... +......... +......... +......... ÷......... +.... +......................... I
15.0 I INSERTEXPER]NENTHODULEINTO I ]5.00001 15.00001 O.O00001O.O0000]0.00000:N I -0-
I........... ISTOHAGEAREAFORRETURNTOGROUNDI......... +......... +......... +......... +......... + I I

HO : : 982.0001 217.0001 O.O00001O.O00OOJ0.000001 I I

j ........... +.................................... +._.. ..... +......... +......... +......... +......... +.... +......................... I
TOTALS IRunTimeICre. TimelEng.In IEng.Out: Data I :

_ 982.000_ 217.000_ 2.49900_ 1.00567_ 0.00000_ I
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I................................................................................................................................. I

IFacI|iLy:FLUIDEXPERIHENTSYSTEN Acronym:FES I

IStepNumberl StepDescription I Step I Crew I PowerI ThermalJDataRatelVideol Comments I

I...........: :Time(min):Time(min)l(kW) I (kW) _ (kbps) :KeyII

: Usedfor : :.........+.........+.........+.........+.........: : :

: this : :Total Run:Tot. CrewJEnergyInlEner. Out,Tot. Data: : :

:CarrierY/N: lTime(min):Time(mJn)f(kWHrs.)l(kNHrs) IDwn.(kB): : I

II.O I Groundbasedactivities. _-0- J-O- I-0- I-0- :-0- I H I -0-

...........f I.........+.........+.........+.........+.........+ I

: NO f I O.O000O: O.O000Of O.O0000: O.O00OO:O.OOOO0: :

I ........... ÷.................................... ÷......... ÷......... ÷....... "_÷ ......... ÷......... +.... ÷.........................

:2.0 : INITIAL SETUP :-0- :-0- :-0- :-0- :-O- : -0 : -0-
,..........._ [.........+.........+.........+.........÷.........+ :I I

: I I : I : 1 I I

: NO : f O.O0000: O.O00001 O.O0000: O.OOOO0_O.O00OOf I

I I I f I I I I f
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.01 I TRANSPORTFACILITYFROHRESUPPLY: 120.000:120.000:-0- :-0- _-0- I -0 I -0-

I...........:HODULEAND INTERFACETOCARRIER _.........+.........+.........+.........+.........+ :

I :LOCATION : : : I I I :
I NO I : 120.0001 120.0001 O.O00001 O.O00OOl O.OOO001
I l I I I I I I I
I ÷ ÷ ÷ + ÷ ÷ + ÷

12.02 I SECUREFACILITYINPLACEFOR I _0.0000130.00001-0- I-0- J-O- I-0 I -0-

I...........IOPERATION :.........+.........+.........+.........+.........+ I

I HO I I ISO.O00fISO.O00fO.OOOOO:O.O0000:O.O00001 I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.03 I VERIFYPROPERCONNECTIONSAND I JO.O000:10.00001-0- _-0- _-0- I -0 I -0-

I...........ICHECIFOR LEAKS I.........+.........+.........+.........+.........+ I

f f I I f I I I I

f NO : : 160.0001 160.0001 O.O000Of O.O0000: 0.000001 I
I I 1 I I f I I I
........... ÷.................................... +......... ÷......... ÷......... ÷......... ÷......... +.... ÷.........................

:2.04 _ REVIEWEXPERIHENTPROCEDURE : 30.0000: 30.OOO0:-O- ;-0- :-0- : -O : -O-

...........: I.........+.........+.........+.........+.........+ I

f f I I I I I I f

I NO _ I L90.O00: 190.OOOl O.OOO00:O.O0000_ O.OOO00_ I
: I I : I : I : I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.05 I TURNON FESTO STANDBYHODEBY I 2.0000012.000001O.12100:0.394001 20.00001H I -0-

I...........IACTIVATINGTHE PROPEREPSPSWITCHESI.........+.........+.........+.........+.........+ : I

I I : I : I I I I I

I HO f : 192.000_ I92.000J 0.00403_ 0.01313: 2400.00_ : I

:...........+....................................+.........+.........+.........+.........+.........+....+.........................f
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I ................................................................................................................................. I
I 1

IFaciHty:FLUIDEXPERIMENTSYSTEM Acronym:FES
!................................................................................................................................. :

I l

IStepNumberl StepDescription ) Step Crew I PowerIThermaJIOataRatelVxdeol Comments ,

I...........I [Time{min)[Tiie(min)l(kW) I (kN) : (kbps) IKeyII I

I Usedfor I I ......... +......... +......... +......... +......... I I [
l this : lTotaIRunlTot.CrewlEnergyInlEner.OutlTot.DaLai : :

ICarrierY/NI :TJ|e(min)lTime(=in)Z(kNHrs.)l(kWHrs) )Dwn.(kB)I I )

:2.06 I DISENGAGELAUNCHLOCKS [ I0.0000) 10.00001-0- I-0- I-0- [ -0 I -0-

I...........I I.........+.........+.........+.........+.........+ I I

I I I : I I I I I I

I NO I I 202.000:202.0001 O.OOOO010.000001 0.000001 I I

........... +.................................... +......... +......... ÷......... ÷......... ÷......... +.............................

:2.07 I TURNONOPTICALBENCHWARNUP I I.OOO0011.0000011.4570011.30500120.0000 CONCURRENTWITHSTEP ,

I...........I I.........+.........+.........+.........+.........+ 14._ I

I NO I _ 203.000[ 203.000: 0.02420: 0.021751 1200.001 I I

÷........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷..... _-..÷ .............................
I

12.08 I AD3USTOPTICALCONPONENTS I 45.0000[ 45.00001 1.457001 1.30SO01 20.0000: CONCURRENTWITHSTEP i
I...........I I.........+.........+.........+.........+.........+ 14.3 ,

I : I I I I I I I

I NO I _ 248.000_ 240.000_ 1.09275_ 0.97075] 54000.0: I

........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷......................... I
I

12.09 I RENOVEOPTICALCALIBRATIONCELL I 5.00000_ 5.000001 1.457001 1.305001 20.0000 CONCURRENTWITHSTEP ,
I...........IFROHSTORAGEAND INSTALLON OPTICALI.........+.........+.........+.........+.........+ 14.3 I

:BENCH I I : : : : I :
: NO [ : 253.000_ 253.000: 0.I2142: 0.I0875; 600O.OO: : :

:........... +.................................... +......... +......... +......... +......... +......... +.... +......................... :
12.10 : VERIFYTHATVACUUMHASREACHEDI l.OOOOOl 1.000001 1.457001 1.305001 20.00001 I CONCURRENTWITHSTEP :
:...........:HOLOGRAPHICCARTRIDGES :.........+.........+.........+.........+.........+ 14.3 I

I I I I I I I I I I

I NO : : 254.0001 254.000_ 0.024201 0.021751 1200.001 I I
I I : [ I I I I I I
I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
:2.11 I TURNONHALOGRAPHICCALIBRATION: lO.O0001 10.00001 1.404001 1.484001 20.00001 I -0-

:...........:SEOUENCE I......... +.........+.........+.........+.........+ I I

I : I I I I I : I I

: NO : I 264.000: 264.000_ 0.24733: 0.24733:I2000.01 : ;

:........... +.................................... +......... +......... +......... +......... +......... +.... +......................... :

12.12 I REMOVECALIBRATIONCELLFRONOB I S.O0000:5.000001 1.484001 1.484001 20.00001 I -0-
:...........IANDPLACEINSTORAGE :.........+.........+.........+.........+.........+ : I

: NO I I 269.0001 269.0001 0.12367: 0.12367: 6000.00_ : I

I I I I I I I I [ I
I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
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]FacJ|JLy:FLUIDEXPERIHEHTSYSTEH Acronym:FES I
I ................................................................................................................................. I

IStepNumberl StepDescription I Step I Crew I PowerI ThermalIDataRatelYideol Comments I

........... I ITime(min)ITime(min)l (AN) _ (kg) I (kbps) IKey II :
: Usedfor : :.........+.........+.........+.........+.........: I :

this _ _Total Run,Tot. Crew:EnergyInIEner. OutlTot. Oatal :
:Carrier Y/N: :Time(mJn)lTJme(lJn):(kNHrs.)l(kNHrs)lD.n.(kB): : :

13.I I REHOVETNO HALOGRAPHICFILH ] 15.00001I5.00001O.12IO0:0.394001 20.00001 : CONCURREHNITHSTEP4.31

I...........ICARTRIOGESFRONSTORAGEAND TRANSFER:.........+.........+.........+.........+.........+ I

: :THEHTOTHEFES : : : I : : I
: YE l I 284.0001 284.000: 0.03025l 0.09850l 18000.0l :

I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

13.2 I INSTALLHOLOGRAPHICCARTRIDGES I 5.0000015.0000010.]2100:0.39400120.00001-0 : -0-

I...........IINTOTHEOPTICALBENCH _.........+.........+.........+.........+.........+ :

: YE I I 289.000_ 289.000: 0.01008: 0.03283:6000.001 I

I...........+....................................+.........+.........+....:....+.........+.........+....+.........................

13.3 I REHOVETESTCELLFROHSTORAGE I 7.0000017.0000010.1210010.39400120.00001-0 I -0-

:...........I I.........+.........+.........+.........+.........+ I

: I I I I I I I I

I YE _ : 296.000: 296.000:0.014121 0.045971 8400.001 :
I I : I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

13.4 I INSTALLTESTCELLINTOTHE I 3.00000:3.000001O.I2IO01 0.39400:20.0000:-0: -0-

:...........:PREHEATENCLOSURE I.........+.........+.........+.........+.........+ : I

I I I I I I I I I I

: YE I I 299.0001 299.00010.00605:0.019701 3600.001 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

13.4.0 I INSERTTHENEXTTESTCELLINTO I IO.O0001 IO.O0001-O- I-0- I 20.00001-0 I COHCURREHT_ITHSTEP I

I ........... ITHEPREHEATENCLOSURE l ......... +......... +......... +......... +......... + 14.18 I
I I I I I I I I I I
I YE I : 309.0001309.00010.0000010.000001 12000.01 I I

I I I I I I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
13.5 : TURNONVACUUHHANDVALVE _ 1.OOOO01l.O000Ol 0.12100] 0.394001 20.00001 -O : -0-
I ........... : I ......... +......... +......... +......... +......... + I :
I I I I I I I I I I

YE : I 310.0001 310.000: 0.00202:0.006571 I200.00: : I

I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

:3.6 I TURNON THE VACUUNRESERVOIR : l.O0_Ol 1.0000010.1210010.39400120.00001-O I -0-

:...........:ISOLATIONVALVE I.........+.........+.........+.........+.........+ : I

I I I I I I I I I I

l YE I I 311.000: 311.000:0.00202:0.006571 1200.00: I I

•I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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IFacJ|JLy:FLUIDEXPERIHENTSYSTEH Acronym:FES I

IStepNumberl StepDescription I Step I Crew ] PoNerIThermalIDataRatelVideol ComzenLs I
...........: _Time(|in)_Time(min)_(kN) I (kN) _(kbps)_KeyI_ I
IUsedfor : I.........+.........+.........+.........+.........: : :

this _ _TotalRun,Tot.Crew_EnergyIn_Ener.Out,Tot.Oata_ _ I

IOarrierY/HI ITime(lJn)ITime(min)l(kNHrs.)l(kWHrs)IOwn.(kB)l I I

14.01 Z TURNONHEATERSINTHEPREHEAT I 3.00000:3.0000010.6650010.39400120.0000:-0I -0-

I........... IENCLOSURE I......... +......... +......... +......... +......... + I I

I YE I I 314.000: 314.0001 0.033251 0.019701 3600.001 I I
I I I I I I I I I I

I

I ........... +.................................... ÷......... +......... +......... +......... ÷......... ÷.... +.........................

_4.02 _ RUNPREHEATCYCLE I I20.OOO_iO.OOO0:I.I090O_0.39400_20.0000_HS I -0-
'....... ' I.........+.........+.........+.........+.........+ I II.... !

I YE I I 434.0001 324.0001 2.218001 0.788001 144000.I I I

...........+....................................+.........+.........+.........+.........+.........+....+....:....................I
14.03 I RUNPREHEATHOLO : 150.000:10.000010.8840010.39400:20.00001-0 I PROVIDESSUFFICIENT I
' .........' I.........+.........+.........+.........+.........+ ITINEFOROPTICALBENCH II"" !

I : : : : : I I ]NARHUP I
: YE I _ 584.0001 334.000_ 2.210001 0.985001 180000._ I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
14.04 I TURNOFFPREHEATHEATERS : I.O00001 1.00000:1.305001 1.305001 20.00001-0 I -O-

YE I J 585.000J 335.000J 0.02175_ 0.02175_ 1200.00: _ :

:...........+....................................+.........+.........+.........+.........+.........+....+.........................:

:4.05 : RENOVETESTCELLFROHPREHEAT : lO.O00OlIO.OOOOl1.3050011.30SOO:20.0000:-0: SHOULDBEAUTOHATED :
:..........;:ENCLOSURE :.........+.........+.........+.........+.........+ : :
I I I I I I I _ I I
i YE : : 595.0001 345.0001 0.217501 0.217501 12000.01 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.06 t REHOVECELLWIHDONCOVERS _ 2.00000_2.00000_1.30500_1.30500_20.0000_-0_ -0-
I........... : :......... +......... +......... +......... +......... + :

: YE : : 597.0001347.00010.0435010.0435012400.00: :

:...........+....................................+.........+.........+.........+.........+.........+....+.........................
14.07 I VIEWSTINGANDSOLUTIONCHECIINGI 5.000001S.O000011.3050011.30500120.00001 I -0-

:...........:FRONCRYSTALLITESANDBUBBLES :.........+.........+.........+.........+.........+ I
I I I I I I I I I
I Y_ _ I 602.000_352.U00_0.10875_0.I0875_6000.00_
I I I I I I I I I

...........+....................................+.........+.........+.........+.........+.........+....+.........................

(m
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I................................................................................................................................. I

l l

IFacJIity:FLUIDEXPERIHENTSYSTEH Acronym:FES
!.................................................................................................................................

I l

{StepNumberl StepDescription { Step I Crew I PowerI ThermalIOataRate{VJdeol Comments ,
'...........' ITJme(min)ITime(min):(kW) I (kN) : (kbps) :KeyI: Il I

I Usedfor : :.........+.........+.........+.........+.........l : :

: this : :Total RunlTot. Crew:EnergyIn_Ener. OutlTot. Oatal I I

ICarrier Y/N_ ITime(min)ITime(min)l(kNHrs.)l(kW Hrs) IDwn.(k8)I I I
! .......... I

4.08 : SECURETESTCELLINTOOPTICAL I 2.0000012.00000:1.305001 1.30500:20.00001-0 I -0-

...........IBENCHLOCATION :.........+.........+.........+.........+.........+ I

YE : : 604.000: 354.000: 0.04350: 0.04350:2400.001 I
I I I I I I I I

........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷......... +.... +.........................

4.09 I TURNOFFPREHEATCONTROLFOR I ].00000_ ].000001 1._05001 1._05001 20.00001 -0 I -0-
........... ISTINGASSENBLY I......... +......... +......... +......... +......... + I

YE I I 605.000: 355.000:0.021751 0.021751 [200.00_
I I I I I I I I

- _........... ÷.................................... ÷......... ÷ ......... ÷......... ÷......... _ ......... ÷.... ÷.........................

14.10 I RENOVEPRE_ATSTINGUHBILICAL, I 0.500001 0.500001 ]._0500:1._05001 20.00001 -0 I -0-
I ........... IATTACHOBSTINGCONTROLUNBILICAL f ......... ÷......... +......... ÷......... +......... +

I YE I I 605.500: _55.500_ 0.010881 0.010881 600.000: I

I I I I I : I I I
I ........... +.................................... +......... +......... +......... ÷......... +......... +.... +.........................
14.1J I TURNONORCELLTENPERATURE I 0.500001 0.500001 1._05001 l._OSO01 20.0000:-0 I -0-
I ........... :CONTROLVIA FESOCP I ......... +......... +......... +......... ÷......... + I
I I I I I : I I ]
I YE : I 606.0001 _56.0001 0.010801 0.01088: 600.0001 I
I I " I I I I I I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
14.12 I OPERATESTINGVENTVALVE I 1.00000: 1.00000: ].30500: I.S05001 20.00001 -0 I -0-
' ' I ......... +......... +......... +......... +......... + II ........... !

I YE I I 607.0001 _57.0001 0.021751 0.021751 I200.001 I
I I I I I I I I I

.........................................................................................................................+ + + + + + + +

14.]_ I ADJUSTTHENECHANICALCOHPONENTSI 5.000001 S.O00001 1.30SO01 l._OSO01 20.00001 -0 I -0-
' ' I.........+.........÷.........÷.........÷.........+ I,...........,OFTHEOPTICALBENCHFRONTHE

I ISCHLIERENUSE : I : : : : :

YE _ I 612.000: 362.000] 0.I0875: 0.I08751 6000.00: I

.........................................................................................................................I ÷ ÷ ÷ + + + + +

14.14 : TURNONTHEV]DEOCANERAFOR { 2.000001 2.000001 J.SOSOOl 1.305001 20.00001 H3 : -0-
I ........... IDONNLINK :......... +......... +......... +......... +......... + I
I I : "I I I I I I

I YE I _ 614.0001 364.0001 0.043501 0.043501 2400.00: I

................................................................................. . .......................................: + ÷ + + + + ÷ +
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IFaciIity:FLUIOEXPERIHENTSYSTEH Acronym:FES I

I................................................................................................................................. I

IStep Numberl Step Description I Step I Crew I PowerI Thermal IData RatelVideol Comments I
I ........... I ITime(min)ITime(min)l (kW) I (kW) I (kbps) IKey II I
IUsed for : _.........+.........+.........+.........+.........: : I

I thLs : ITotalRunlTot. CrewlEnergyInlEner.OutlTot.Datal I I

ICarrierYINI :TJme(min)lTime(min)l(kWHrs.):(kWHrs)IOwn.(kS)I I I

14.15 I ADJUSTTHE SCHLIERENVIA THEOCP ] IO.O0001I0.0000]I._05001].30500120.00001H3 I -0-

I...........I :.........+.........+.........+.........+.........+ I

I I I I I I I I I

I YE I : 624.0001 374.0001 0.21750:0.217501 12000.01 I
I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

:4.16 : CONTROLTHE TRANSITIONTO I 24.0000:IO.O00011.428001 3.32800120.00001N3 I -0-

I...........IEXPERIHENTTEHPERATURE :.........+.........+.........+.........+.........+ I

I I : I I I I I I

: YE I I 648.0001 384.000_ 0.571201 1.33120:28800.01 :

I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

:4.17 : CONTROLTHEEQUILIBRATIONPR_ESSI 24.0000:10.00001 0.727001 0.72700_ 20.00001 H3 I -0-
:...........IWITHTHE STIRRER :.........+.........+.........+.........+.........+ : I

I I : I I I I I I I

I YE I : 672.0_ 394.0001 0.29080: 0.29080: 28800.0_ : :

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

J4.18 I CONTROLEQUILIBRATIONWITHOUT I 6.00000: 6.00000:0.7170010.71700120.00001H3 I -O-

f...........ISTIRRER l.........+.........+.........+.........+.........+ I I

: I I : I I I I I I

: YE : : 678.000:400.0001 0.07170: 0.07170:7200.001 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.19 : CONTROLTHECAPRETRACTION I 15.0OO01 15.0000: 0.71700:0.717001 20.00001 N3 I THIS IS THEHOST I

I........... IOPERATIONANDADJUSTSCHLIERENAS _......... +......... +......... +......... +......... + ICRITICALPHASEASFARAS I
I INECESSARY I I : I I I IPRESERVINGCRYSTAL I

: YE I I 693.0001415.00010.17925_0.179251 18000.01 IQUALITY I

I I I I I I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.20 : OPERATETHEOCP AND SCHLIEREN : 240.000:160.00010.7170010.71700120.00001N3 : -0-

I...........IDURINGTHETRANSITIONTOGROWTH I.........+.........+.........+.........+.........+ I I

l :TEHPERATURE I : : : _ : : I
I YE : I 933.0001 575.0001 2.86800l 2._68001 288000.I I I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.21 I TURNOFF STINGVENTSOLENOID I 1.000001l.O000O:0.71700_0.71700120.00001H3 : -0-

:...........:VALVE I.........+.........+.........+.........+.........+ I I

: YE : I 934.000: 576.0001 0.01195: 0.011951 1200.001 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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' ....... I
' .......................................................................................................................... I

IFaciHty:FLUID EXPERIHENTSYSTEH Acronyi:FES I
'_ I
I .................. " ............................................................................................................. I

:Step Nusberl Step Description : Step : Crew _ Power I TherJa] IData Rate:Video: Couents :

'........... ' _Time(ain)_TiJe(iin): (kg) : (kg) _ (kbps) :Key 1: I
I Usedfor : I.........÷.........+.........+.........÷.........: I I

: this : fTota[ RunlTot. Crew:EnergyInlEner. OutlTot. Data{ I I
ICarrier Y/N: :Tile(lin)ITile(lin):(kN Hrs.)l(kg Hrs) IO,n.(ke) I I I

14.22 I TURNOFFTHEVACUUHRESERVOIR _ 1.00000: 1.000001 0.717001 0.717001 20.0000: N3 : -0-
#........... I, ,ISOLATIONVALVETOTHECLOSED _......... +......... +......... +......... +......... + I I
: :POSITION : : : : : : : I
: YE l : 935.0001 577.000: 0.01195: 0.011951 [200.00: : :

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

14.23 I OPERATETHEOCPDURINGTHE : 60.0000:20.00001 0.66500:0.665001 20.00001N_ _ -0-
I ........... :TEHPERATURESTABILIZATIONPROCESS:......... +......... +......... +......... +......... + I I

YE _ I 995.000: 597.0001 0.66500: 0.665001 72000.0: I :

........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
14.24 I VIEg CRYSTALGROMTHANDADJUSTAS: 2880.001 250.000[ 0.665001 0.665001 20.0000_ H3 I -0-
I ........... INECESSARY :......... +......... +......... +......... +......... + I :

I YE : I 3875.00: 847.0001 31.92001 31.92001 .34560E7_ I I

........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

_4.25 : OPERATETHEOCPDURINGCAP : 10.0000:10.00001 0.66500_ 0.66500: 20.0000: H_ I-0 °
I ........... :REPLACEHENT _......... +......... +......... +......... +......... + I I
I I I I I I I _ I I

I YE I I 3885.00_ 857.000: 0.1108_I 0.110831 12000.01 : I
I I I I I I. I I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +................... _..... I
14.26 I TURNOFFVIDEOSNITCH I 2.000001 2.000001 0.66500: 0.665001 20.00001 I -0-
'....... ' _.........+.........+.........+.........+.........+ I I

I I _ I I I I : I I

: YE I I 3887.00_ 859.0001 0.02217: 0.022171 2400.00_ I :

........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
_4.28 I RUNADDITIONALTESTCELLSAS I-0- I-0- I-0- I-0- I 20.00001 -0 I -0-

I ........... _REOUIRED. _......... +......... +......... +......... +......... + _ :
I : I I I I I : I I

YE I : _887.00: 859.0001 0.00000: 0.000001 0.000001 _ I

........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
15.17 I REHOVETHETESTCELLFROHTHEOR,l IO.O0001 10.0000_-0- I-0- I-0- I -0 I -0-
I...........IREPLACENINDONCOVERS,ANDSTON :.........+.........+.........+.........+.........+ : I

I NO I I 3897.001869.000:0.0000010.000001 0.00000: I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
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..... I

IFacJIiLv:FLUIDEXPERIHENTSYSTEN kcronym:FES I
....... I

IStepNumberl StepDescription I Step I Crew I PowerI ThermalIDataRatelVideo_ Comments I

'....... ' :Time(min):Time(lin):(kN) : (kN) I (kbps))Key I: )! .... !

I Used for : _......... +......... +......... +......... +......... I I I
I this I lTotal RunlTot. CrewlEnergyInlEner. OutlTot. Datal I I

ICarrierY/NI ITime(min)_Ti|e(mJn)_(kNHrs.)l(kNHrs)IDwn.(kB)l I I

18.1 I TURNOFFFES VIA OCP SNITCHES I 2.0000012.000001-0- _-0- _ 20,0000_-0 I -0-

I...........I I.........+.........+.........+.........+.........+ I I

I NO [ I _899.00_ 871.000_ O.O000Ol O.O00001 2400.00_ I I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

I TOTALS IRunTime ICre_TimelEng.In IEng.Out I Data I I

I I 3899.00_ 871.0001 4_.7564_ 41.8708_ 2400.001 I
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! ....... I
I .......................................................................................................................... !

:Facility:HighTemperatureAcousticLevitator Acronym:HAL I
I................................................................................................................................. I

[StepNu_er_ StepDescription [ Step I Crew [ Power[ThermalIDataRatelYideo_ Comments I

:...........[ [Time(min):Time(min):(kN) I (kH) I(kbps):KeyL: I
Usedfor'l I......... +......... +....... -+......... +......... _ I I

I this I ITotaIRun:Tot.CrewlEnergyInlEner.OutlTot.Oatal I
:CarrierY/N: ITime(mJn)ITime(min)_(kHHrs.)l(kHHrs):Pwn.(k6)I : [

H.O I Groundbasedactivities. :-0- [-0- : 0.00000:0.00000:0.00000:0: -0-
............ ' :......... +......... +......... +......... +......... + I II !

I I I I I I : I I I
f NO I : 0.00000:0.0000010.0000010.0000010.00000: : I

I...........+....................................+.........+.........+.........+.........+.........+....+-:.......................I

12.0 I InitialSetup I-0- _-0- : 0.0000010.00000_0.0000010 I -0-
'.... ' _.........+.........+.........÷.........+.........÷ I! ....... !

I NO I I 0.000001 0.000001 0.000001 0.000001 O.O0000f
I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

:2.1 l TransportFacJJtJyfromresupply: 120.0001 120.000: 0.00000: 0.00000:0.000001 -0 I -0-
:...........:moduleandinterfacetocarrier I.........+.........+.........+.........+.........+ :
I Hocation _ : : I [ : :
[ NO I ] L20.O_ 120.000[0.00000:0.00000:0.00000:

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.2 [ SecurefacJltiyinplacefor : 30.0000:30.0000[0.00000:0.00000_0.000001-0 I -0-
I...........loperation. I.........+.........+.........+.........+.........+ I
I I I I I : I I I

: NO I : ISO.O001 lSO.O001 0.000001 O.O0000f 0.000001 f
I I f I I f f I f
I + + + + + + + +.................................................... . ....................................................................

12.3 I Verifyproperconnectionsand [ I0.0000[lO.O000_0.0000010.00000[0.000001-0 I -0-

I...........Icheckforleaks. :.........+.........+.........+.........+.........+ I :
I I I I I I I I I i
I NO : : 160.OOOf160.0001 0.00000[ O.O0000l 0.000001 I i
f f I I I _ I f _ I
...........+...................................+.........+.........+.........+.........+.........+....+.........................I
12.4 I Reviewexperimentprocedures.I 30.0000130.000010.0000010.00000[0.000001-0 _ -0-

,'-..........,' _.........+.........+.........+.........+.........+ I I

I NO I I 190.0001I_.O_ 0.00000:0.00000[0.00000_ : I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
12.5 I Turnonmasterpowerswitch. I 2.00000:2.00000:0.06000:0.0600012.000001-0 I -0-

,!....... ..... , I......... +......... +......... +......... +......... + I I

I NO I l 192.0001 192.0001 0.002001 0.002001 240.000f I :
I I f l I f I I I I
[...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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l " _i

_FacJlJty:HJghTemperatureAcousticLevJtator Acronym:HAL I
_I

_StepNumberf StepDescription I Step I Crew I Power_Thermal:OataRatelVideo_ Comments I
I...........I ITime(min)ITime{min)l(kW) : (kN) I (kbps)IKeyII I
IUsedfor T I.........+.........+.........+.........+........._ I I

: this : ITotalRunlTot.CrewlEnergyInlEner.OutlTot.DaLai I :

_CarrJerY/N: :Time(mJnj:Time(mJnJ_(kNHrs.J:(kNHrs) :Own.(kB)_ :

:2.7 : Turnonmicroprocessor. ; 2.00000: 2.00000: 0.12000: 0.12000: 2.00000:-0 I -0-
...........I :.........+.........+.........+.........+.........+ :

HO I I 194.0001194.00010.0040010.00400:240.000: I
I : : : I I _ I

........... +.................................... ÷......... +......... ÷......... +......... +......... ÷.... ÷.........................

2.8 : Runsystemintegrity test and _ 5.00000_ 5.00000: 0.12000_ 0.12000_ 2.00000_-0 _ -0-
........... lverify runparameters. :......... +......... +......... +......... +......... + : )

I

NO : : 199.0001199.000_0.01000:0.010001600.000l : :

:...........+....................................+.........+.........+.........+.........+.........+....+.........................:

12.9 _ Insertfilmmodulesintocamera.: S.O0000_S.O000010.12000_0.12000¢2.00000_H4_ -0-
' ......' I.........+.........+.........+.........+.........+ : :J..... l

NO I I 204.0001 204.0001 0.01000_ 0.01000: 600.000_ _ :

:...........+....................................+.........+.........+.........+.........+.........+....+.........................:
:3.1 : InsertandsecuresampJe _ 15.0000_I5.0000_0.12000_0.12000:2.00000_ : -0-

I........... Icartridge. I......... +......... +......... +......... +......... + I :

: YE ] : 219.0001 219.0001 0.030001 0.030001 I800.001 : :

:...........+.............._.....................+.........+.........+.........+.........+.........+....+.........................I
14.1 _ RunProgrammedprocessforfirst_ 65.0000:IS.O000:_.00000_3.00000_2.000001 I -0-

I........... IsampIe. :......... +......... +......... +......... +......... + I I

I YE I I 284.0001 234.000: 3.25000: 3.25000_ 7800.00: : I
I _ : I I I I _ I I
:...........+....................................+.........+.........+.........+.........+.........+....+.........................:
_4.2 I RunsampJeexchangeandpurge I S.O0000_l.O0000_ 0.25000_ 0.25000_ 2.00000_-0 _ -0-
:........... Ifurnace. :......... +......... +......... +......... +......... + ] :

: YE ] : 289.000: 235.000:0.020831 0.02083:600.0001 : I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

_4.3 _ Repeatsteps4.1and4.2for _ 975.000_0.00000_3.00000_3.00000_2.00000_-0 I longertimescould I
I...........Iremainderofsamples I.........+.........+.........+.........+.........+ Iproducemoresampies I

: YE I I 1264.001 235.0001 48.7500:48.75001 117000.I I :

:...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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I ............................. I
I .................................................................................................... I

IFaciJity:HighTemperatureAcousticLevitator Acronym:HAL I
I_ I
! ................................................................................................................................ ]

IStepNumberl StepDescription I Step I Crew I PowerI ThermalIDataRatelVideo= Comments I
I_ _ !,........., ITime{min)ITile(min)l(kW) I (kN) I (kbps) IKeyI_ I

I Usedfor I _.........+.........+.........+.........+.........I I I

I this : fTotalRunlTot.Crew_EnergyIn:Ener.Out,Tot.Data: I I

ICarrierY/N: :Time(min)ITime(min)l(kNHrs.):(kNHrs) IDwn.(kB): : :

15.1 I Turn off cameras _ 2.00000: 2.00000:0.120001 0.12000: 2.00000:-0 I I
I..........._ _.........+.........+.........+.........+.........+ I I

I NO I I 12_6.001 237.0001 0.004001 0.00400_ 240.0001 I I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

15.2 I Removesamp|ecartridgeandstow I-0- I-0- [-0- _-0- I-0- I -0 I -0-

,!........-- -,' _.........+.........+.........+.........+.........+ I I

I NO I I 12_.00[ 237.000[ 0.00000_ 0.00000_ 0.00000: [ I

...........+....................................+.........+.........+.........+.........+.........+....+.........................I

15.3 I Turnoff masterpowerswitch _ 2.00000]2.00000[ 0.0000010.00000]0.000001-0 [ -0-

' - ' _......... +......... +......... +......... +......... + II .......... I

I I I I I I I I I
I NO [ I [2_8.00_ 2_9.0001 0.00000_ 0.000001 0.00000_ I
I I [ I : _ I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

I TOTALS [RunTime lCrewTimelEng.In ]Eng.Out _ Data I

I _I268.00_ 239.0001 52.0808[ 52.08081 0.000001
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I ................................................................................................................................. I

IFaciliLy:LIOUIDDROPEXPERIHENTFACILITY Acronym:LDF I
! _ _ I

IStepNumberl StepDescription I Step I Creu I PowerIThermaJIDataRatelVJdeol Comments ]

,'........... ,' ITime(min)ITime(mJn)l(kg) I (kg) I (kbps))KeyI: :
IUsedfor I I.........+.........+.........+.........+.........I I I

I this I ITotalRunlTot.CrewlEnergyInlEner.OutlTot.Datal I I
IOarrierY/HI ITime(mJn)ITime(min)l{kgHrs.)l(kg Hrs) :Dwn.(kB)I : I

11.0 I GROUNDOPERATIONS I 0.0000010.000001O.O00OOl0.0000010.000001NI GROUNDBASEDOPERATIONSI
'...........' I.........+.........+.........+.........+.........+ I :I !

I I I : : I I : : I

I NO I I 0.0000010.0000010.0000010.0000010.000001 I l
: I I I I : I : I I
I + + + + + + + + I........................................................... --.............................................................

II.I I SERVICETHEFACILITYIN I 0.0000010.0000010.000001O.OOO0010.000001NI -0-
I...........IPREPARATIONFORLAUNCH. I.........+.........+.........+.........+.........+ I I

I I I I I : : I : :
I NO I I 0.000001 O.OOO001O.O000O:0.000001 0.000001 I :
I I I I I I I I I I
I ........... +.................................... +......... +......... +......... +......... +......... +.... +--....................... I
II.2 I TRANSPORTTHEFACILITYTOTHE I 0.000001O.OOOO010.0000010.0000010.000001HI -0-
]...........ISHUTTLEFORLAUNCH. I.........+.........+.........+.........+.........+ I :
I I I I I I I I I I
I NO : I O.O0000L0.000001 0.00000_ 0.000001 0.000001 _ I
: I I I I I : I I I

........... ÷ .................................... ÷ ......... ÷ ......... ÷ ......... ÷ ......... + ......... ÷ .... + ................... . ..... i

II.3 I INSTALLTHEFACILITYINTOTHE I 0.0000010.0000010.0000010.0000010.000001NI -0-
I......_....ILOGISTICSELENENTFORLAUNCH. I.........+.........+.........+.........+.........+ I

I I I I I I I I :

I NO I f O.O000010.0000010.0000010.0000010.000001 I
I I I : I : I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

II.4 : SECURETHEFACILITYINTOTHE I 0.0000010.0000010.0000010.0000010.000001NI -0-
I...........IIOGISTICSELENENTFORLAUNCH. I.........+.........+.........+.........+.........+ I I
: I I I : I I I I :

I HO I I 0.000001 0.000001 0.000001 0.000001 O.O0000f : :
I I I I I I I I : :
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
ll.S I LAUNCHTHEFACILITY. I 0.000001O.OOOOOl0.0000010.0000010.000001NI -0-

:...........I I.........+.........+.........+.........+.........+ : I
I I I I I I I I I I
: NO I I O.O0000f 0.000001 O.O0000f O.O0000f 0.000001 I I
: I I I I I : : I :
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
12.0 I INSTALLTHEFACILITYON-ORBIT.I 0.0000010.0000010.0000010.0000010.000001N I -0-
' ' I.........+.........+.........+.........+.........+ I I!........... !

f HO f I O.O0000f 0.000001 0.000001 0.000001 O.O0000l f I
I I I I I I I I I I
I ........... +........ : ........................... ÷......... ÷......... ÷......... +......... ÷......... ÷.... ÷......................... I
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___ ..............................................................................................................................

IFacility:LIOUIDDROPEXPERINENTFACILITY Acronym:lDF

I .................................................................................................................................

:StepNumber/ StepDescription I Step l Crew I PowerIThermal/DataRatelVideo/ Comments

l...........) ITiae{min)ITine(iin)l(kW) I (kN) I (kbps) IKeyII

I Usedfor I I.........+.........+.........+.........+.........l l

l this : ITotalRunlTot.CrewlEnergyInlEner.Out:Tot.Data/ I

/Carrier Y/HI ITime(min):Time(mJn):(kNHrs.)l(kN Hrs) :Own.(kB): :

12.] I REHOVETHEFACILITYFROHTHE I 15.00001 IS.O0001 0.000001 0.000001 0.000001N I -O-

f ........... ILOGISTICELEHENT. I ......... +......... +......... +......... +......... + I

l NO I : IS.O0001 15.00001 O.O0000l O.O0000l 0.000001 I
f I I I I 1 I I I

.........................................................................................................................I + + + + + + + +
12.2 : INSTALLTHEFACILITYIN THE I 45.00001 45.0000/ 0.00000/ 0.00000/ 0.00000/ N I -0-

I ........... IEXPERIHENTCARRIER. l ......... +......... +......... +......... +......... + l

I _0 I _ 60.0000:60.000010.00000:O.OOO001 O.O00OOl I

I I : I I I I 1 I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................
:2.3 : SECURETHE FACILITYTOTHE : IS.OOO0]15.0000[O.O00OO/0.00000:0.000001N I -0-

I...........ICARRIER. :.........+.........+.........+.........+.........+ I

: NO I : 75.0000_ 75.0000:0.0000010.0000010.00000_ I

I I 1 1 I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

/2.4 : VERIFYTHATTHEFACILITYIS READY: 10.0000{ 10.00001 O.O00OOl0.00000:0.000001N I -O-
f ........... IFOROPERATION. l ......... +......... +......... +......... +......... + I l
I I I I I I I I I I
I NO : : 05.0000: 85.00001 0.000001 0.000001 0.00000_ ] I
l l I I I I f f I l

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

13.0 I OPERATETHE PRE-RUNCHECI-OUTOF I 0.00000_0.0000010.0000010.00000_0.00000/N I -0-

I.........../THEFACILITY. J.........+.........+.........+.........+.........+ l I

I I _ I I I I I 1 I

I YE I : 85.00001 85.00001 0.00000_ 0.00000) 0.00000/ I :
I I I I I I I I I I
...........+....................................+.........+.........+.........+.........+.........+....+.........................I

l_.I l TURN-ONTHE FACILITY. I 6.00000/6.00000:0.I030010.103001 I.O0000:-0I -0-

'..........' _.........+.........+.........+.........+.........+ I! " I

I I I f I I I I I

) YE : I 91.0000/91.0000/0.010301 0.01030/360.0001 :

I I I : I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

13.2 I VERIFYTHE FACILITYTHROUGHA BIT/ 6.00000:6.0000010.I0300_0.I03001 I.O00001-0 I -0-

I...........ICHECKOF THECONTROLER. I.........+.........+.........+.........+.........+ I

I I I 1 I I I I I

I YE I : 97.0000/97.0000/0.010301 0.01030:360.000/ :
I : I : I I : I :
: ........... ÷.................................... ÷......... ÷..: ...... +......... +......... +......... ÷.... ÷.........................
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" I

I I

IFacJ]iLy:LIOUID DROPEXPERIHENTFACILITY Acronym:LDF
t ................................................................................................................................. I

I I

IStep Humberl Step Description I Step l Crew I Power I Thermal IData RatelVideol Couents ,
' ......' ITJle(lin)ITJie{lJn)I(k_) I (kX) l(kbps) )NeyII ]
I..... I

' ..................' I II Used for I ,.........+.........+.........+ + ,

I this I ITotal RonITot. CrewlEnergyInIEner. OutITot. DaLai I I

ICarrier Y/NI )Time(min)ITime(min)I(kW Hrs.)l(kN Hrs) IDun.(kB) I I )
................................ !

_:_zz_:_:_+_;_::__;_z_:_;_z__+_z_:_+:_z_:+_:::;:+_::::_---+ .... / .........................

I_.3 I AD3USTTHEVIDEOCAHERA. ) I.O0000: 1.000001 O.lO_OOI O.lO_OOI 1.00000: -0 I -0-
' ......_ I.........+.........+.........+.........+.........+ I!..... !

I I I I I I I I I

I YE I I 98.00DOI98.0000I0.0017210.00122I60.00001 I

I I I I I I I I I

!...........+..........................::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::....+.........................
i
I I 98.00001 98.00001 0.02232: 0.02232: _0.0000:
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I ................................................................................................................................. I

IFaciJity:Hoving Hall EJectrophoresisUnit Acronym:HgEU I
I .................................................................................................................... = ............ I

:StepNumber: StepDescription : Step I Creu I PowerITheruaI:DataRate:Videol Comments I
)........... I ITime(min)ITime(min)l (kN) I (kg)) (kbps) :Key11 :
I Usedfor : I.........+.........+.........+.........+.........I I I
I this I ITotal RunlTot.Cre.IEnergyInlEner. OutlTot. Data: : I
:CarrierY/N: :Time(min):Time(min):(kNHrs.):(kgHrs):Dun.(kB): : :

.................. I

1.0 I Groungbasedactivities. I-0- :-0- I-0- :-0- :-0- :-0 : -0-
..........._ _.........+.........+.........+.........+.........+ I I

NO I I 0.000001 O.O0000f O.O0000f O.O00OOl0.00000: I I
I I I f I I I I I

........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
2.0 I ReviewExperimentProcedures I 5.00000: 5.00000:O.O00001 0.00000:0.0000010 I -0-
...........: :.........+.........+.........+.........+.........+ I :

NO _ : 5.000001 S.O0000: 0.00000:0.000001 O.O00001 : :
I I I I I I f I I

........... ÷.................................... ÷......... +..._ ..... ÷......... +......... ÷......... ÷.... +.................. , ...... :

2.1 : VerifyProperconnectorand : 5.00000:5.00000:O.OOOO0:O.O0000_O.O000O:0 : -0-

...........:fittingattachment :.........+.........+.........+.........+.........+ : I
: : : I I I I I I

HO I : IO.O0001 lO.O0001 0.000001 0.000001 0.00000: : :
I l I I I l I I f-

........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

2.2 I Turn-on eJectrophoresis unit. : l.OOOO01 1.000001 0.100001 0.100001 O.lO0001 0 I -0-
...........: :....,....+.........+.........+.........+.........+ I I

NO : _ iI.O0001ll.O00010.001671,0.0016716.000001 : I

........... +.......................... :......... +......... +......... +......... +......... +......... +.... +......................... I
12.3 I Runsystemcontroller integrity I 5.000001 5.000001 O.lOOO0:O.IOOO0:0.300001-0 I -0-
I...........:test I.........+.........+.........+.........+.........+ I I
I I I : : : : I I :

: NO f : 16.00001 16.0000:0.008331 0.008331 90.00001 . I
f I I I I f I I I I

........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

_3.1 I Insert salple co|]ectionunit. I 5.00000_ 5.000001 0.00000: O.OOOO0:O.OOOO010 I -0-
I...........I I.........+.........+.........+.........+.........+ I

I YE : I 21.0000: 21.0000: O.OOOOOl O.O0000l O.O0000l :

: I I I : : I I I
:........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
13.2 I Insert processingparameters : 1.OOO0011.000001 O.IOOO0:O.lOOO01O.IO0001-0 I -0-
I...........I I.........+.........+.........+.........+.........+ I

I YE I I 22.00001 22.00001 0.001671 0.001671 6.000001
I I I I : I I _ I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................
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=.......................................................................................i_........................................
)FaciJity:HovingWailElectrophoresJsUnit Acronym:HHEU I
I.................................................................................................................................I
{StepNumberl StepDescription _ Step f Crew I PowerIThermal_DataRate{Video_ Comments I
I...........I ITime(min)ITime(zin):(kW) I (kW)) (kbps))KeyI: :
)Usedfor ) _.........+.........+.........+.........+.........) _ )

I this ) ITotalRunlTot.Crew)EnergyIn)Ener.OutITot.Data) I I
IOarrierY/NI :Time(min)ITime(mJn))(kNHrs.)l(kHHrs)IDwno(kB)I I )

13.3 I EngagewallrotationmechanismI 1.0000011.0000010.3250010.3250010.I00001-0 ) -0-
I...........I I.........+.........+.........+.........+.........+ I I
I I I I I I I I I I

I YE ) I 23.0000123.0000_0.0054210.0054216.000001 I )
) I I { ) I I I I I
)...........+....................................+.........+.........+.........+.........+.........+....+.........................I
_3.4 I initiatebufferflow ) 1.000001l.O000O)0.40000)0.40000)0.I0000_-0 ) -0-
)...........I I.........+.........+.........+.........+.........+ I I
) I _ I I I I I I )
I YE I I 24.0000124.000010.0066710.0066716.00000) I )

I ) ) I l I ( 1 ) I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

13.S I VerifyproperbufferHow and I 5.0000015.0000010.4000010.4000010.I0000)-0 I -0-
)...........Iiallrotaiton. I.........+.........+.........+.........+.........+ I I

I - YE _ I 29.0000_29.000010.033331 0.03333130.0000_ _

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
13.6 _ Insert sampleto be separated. ) 5.00000) 5.0000010.40000) 0.40000) 0.100001-0 ) -0-
I...........I I.........+.........+.........+.........+.........+ I )
I _ I I ) I _ I I I

I YE I I 34.0000_ 34.0000_ 0.033331 0.03333_ 30.0000_ f I
I ) I I I I I I I I
)...........+....................................+.........+.........+.........+.........+.........+....+.........................I
14.1 I RunProgrammedprocessto ) 360.000115.0000)I.O)O001I.O000010.300001-0 I -0-

{...........IcompIetion. ).........+.........+.........+.........+.........+ I )
I : I ) : : : ) : I

) YE I : 394.000149.0000:6.0000016.00000)6480.00: ) I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................)
14.2 I Repeatstep3.1through5.4for I 39000.0145.00001i.O00001I.O000010.30000)-0 I -0-
I...........ladditionalsamples. _.........+.........+.........+.........+.........+ I I
I I I I I I I I I I

I YE I _ 39394.0_ 94.0000_ 650.000_ 650.000) 702000._ _ J
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
15.I I Terminatebufferflow. I I.O000011.0000010.3250010.3250010.I00001-0I -0-
)...........I I.........+.........+.........+.........+.........+ I I

I NO I I 39395.01 95.00001 0.005421 0.005421 6.000001 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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IFacJlity:Hoving gaJ] E/ectrophoresJsUnit Acronym:HgEU I
! __1
! ............................................................................................................................... t

_StepNuwberl StepDescription _ Step I Crew I Power_ ThermaJ_DataRatelVideol Comments I

'...........' :Timo(min):Time(min):(kW) : (kW) : (kbps) :KeyII II !

: Usedfor I I.........+.........+.........+.........+.........: I :

: this : :Total Run:Tot. Crew_EnergyIn:Ener. Out:Tot. Data: : I

ICarrierYINZ :Tiwe(min)ITime(win)l(kNHrs.):(kNHrs) :Dwn.(kB): : :

:5.2 I Disengagewallrotationmochanisw_I.O00001I.O0000:!.0000010.I00001 0.]0000_-0 I Facilityis in idle I

I..........._ I.........+.........+.........+.........+.........+ Imode,remainsidle I

I I I I I : I I :concurrent with steps I
I HO I _ 39396.0_96.000010.01667_ 0.0016716.000001 12.13Lo2.15 I

I I I I I I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

15.3 _ Removesamplecollectionunit. _ 5.00000_S.O0000l-O- I-0- I-0- I -0 I -0-
'...........' _.........+.........+.........+.........+.........+ I I! l

I I _ I I I I I _ I

I NO I _ _9401.01 IO[.O00_0.00000_ 0.00000_0.00000_ I I

I I _ I I I I _ I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

15.4 _ Insertsamplein storage _ S.O0_O_ 5.00000_-0- I-0- I-0- I -0 I -0-

I...........Ifaciltiy. _.........+.........+.........+.........+.........+ I I

I I _ I I I I I I I

I NO _ _ 39406.01 106.000_ 0.000001 O.O00001 0.000001 I I
I _ I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

IS.5 I Turnoff movingwallfacility _ I.O0000lI.O0000l-O- _-0- I-0- I -0 I -0-

I...........I _.........+.........+.........+.........+.........+ I I

I I I I I I I I I I
I NO _ _ 39407.0_ I07.00010.00000_ 0.0000010.00000_ _ I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

15.6 I Securefaciltiy. I lO.O0001IO.O_Ol-O- I-0- I-0- I -0 I -0-
I...........I I.........+.........+.........+.........+.........+ I I

I I I I I I I I I I

I NO I _ _941_.01 II_.O00_O.O0000_O.OOOO0_0.000001 I I

...........+....................................+.........+.........+.........+.........+.........+....+.........................I

TOTALS IRunTime ICreuTime:Eng.In IEng.Out : Data I :

I _ _9417.01II7.000_656.I12_656.0971 0.000001 I
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....... I

I .......................................................................................................................... t

IFacJ|Jty:HultJp]e ExperimentProcessingFurnace Acronym:HEPF I
! ................................................................................................................................ I

I I

)StepHumber) StepDescription : Step : Crew : Power:Therma/:DataRate)VJdeol Comments ,
, .......' )Time(sin)ITime{min))(kY)I (kY) l(kbps))Key11 I
I .... %

l !IUsedfor I ,.........+........+........+.........+........., I I
I this ) ITota[ RunlTot.CreulEnergyInlEner. OutlTot. Datal I )
ICarrierY/NI ITime(min)ITime(min)l(kNHrs.)l(kWHrs)Dwn.(kB)I ) )

II.0 I Groundtostationactivities.I-0- )-0- I-0- I-0- 1-0- I-0 I Thesestepsincludeall)
, .........! ).........+.........+.........+.........+.........+ Igroundbasedand )
! "" !

) l I ) I I l l (transportation )

) HO ) I 0.00000)0.00000)O.O0000lO.O0000)0.000001 )operations. )
I I I I I I I I I I
I ........... +.................................... +......... +......... +.... : .... +......... +......... +.... +......................... I
II.I l Groundpreparationofsamples.I-0- I-0- I-0- l-O- I-0- )-0 I I
, - --' I.........+.........+.........+.........+.........+ ) I
! ........ I

I I ) I I I I I I I
) NO I I O.O0000I0.000001 O.OOOOOl0.000001 0.000001 l :

l I l I I I l I :
I........... +.................................... +......... +......... +......... +......... + +
I1.1.1 I GroundprepartJonof sample. I-0- I-0- I-0- I-0- I-0- I -0 1
, ....... , I......... +......... +......... +......... +......... + I I
! .... !

I I I I I I I I I I
NO I I 0.000001 0.000001 0.000001 0.000001 0.000001 I I

I I I I I I I I I I
,........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
I 1

(I.I.2 I Hovesampleintoampoulesand I 120.0001-0- 1-0- )-0- I-0- )-0 )
I........... Iseal them. I......... +......... +......... +......... +......... + I i
I I I I I I I I I I
I NO I I 120.0001 0.000001 O.OOO0010.000001 0.000001 I I
l l ) I f I f l I I
........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

I I

11.2 I Secureexperimentequipmntto I 120.0001-0- I-0- I-0- I-0- I -0 1
,-'.........- ,'facilityrack. I.........+.........+.........+.........+.........+ I I
I I I I I I I I I
l NO I I 240.0001O.O0000lO.O00OO)O.OOO001O.O00001 l )
I I I I ) ) I I I I

+i ........... +.................................... +......... +......... +......... +......... +......... +.............................
I I

11.2.1 l Securesamplecarouseland I 60.00001-0- l-O- l-O- l-O- I-0 l
l ........... lsaiples into shipping containers I......... +......... +......... +......... +......... + I I

I NO I I 300.0001 O.O0000l0.000001 0.000001 0.000001 l )
I I I I I I I I I I
i........... +.................................... +......... +......... +......... +......... +......... +....+......................... i
i
II.2.3 Securecontainerscontaining I 30.OOO01-O- I-0- l-O- I-0- I-0 l

I...........Icarouselintologisticmodule. I.........+.........+.........+.........+.........+ I I
I I I I I I I I I I
I HO I I 330.000l O.O0000l,O.O0000l 0.000001 0.000001 I l
I l l I I I l I I I
........... +.................................... +......... +......... +......... +......... +......... ÷....+ ........
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I ................................................................................................................................. I

)FacJJity:Hu/tJpleExperimentProcessingFurnace Acronym:HEPF I
I.................................................................................................................................I
IStepNumberl StepDescription I Step I Crew I PowerIThermalIOataRatelVideol Comments I
:...........I :Time(min)ITime(mJn)_(kW) : (kW) I (kbps):KeyI: I
:Usedfor I I.........+.........+.........+.........+.........I I I
I this I ITotal RunlTot.Crew_EnergyInlEner. OutlTot. Oatal I I
ICarrierYINl _Time(min)ITime(mJn)l(kWHrs.)l(kNHrs)IOwn.{kB)l I ]

II.2.5 I SecurefaciltiyracktoIogJstJcslJSO.O001-O- I-0- I-0- I-0- I-0 I I
)...........Imodule. ].........+.........+.........+.........+.........+ I I
) I I I I f I I I I

I NO I I 480.00010.000001 0.000001 O.O0000fO.O0000l I I
I I I I _ I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
11.2.6 I Connectallinterfacesto I 15.0000115.000010.0000010.0000010.000001-0 I -0-
I...........Ifacilityrackandcheckforleaks.).........+.........+.........+.........+.........+ I )
f f l I I I I l I I

) NO ) ) 495.000l IS.O000l 0.000001 0.000001 O.O0000l l I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
12.1 I Transport facJltity from I 120.0001-0- I-0- I-0- l-O- I -0 I I
I.........--llogisticsmoduletocarrier. I.........+.........+.........+.........+.........+ I I
I I •I I I I I I I I
I NO I I 615.000115.00001O.O0000f0.000001O.O00001 I I

I I I ) I ) I I I I
)...........+....................................+.........+.........+.........+.........+.........+....+.........................)
12.2 I Securerack containingthe I 60.00001 60.00001 0.000001 0.000001-0- I -0 I I
I...........Ifacilitytopropercarrierlocation.).........+-:.......+.........+.........+.........+ I I
I I I I I l I I I I
I NO I ) 675.000175.000010.00000)0.00000)0.00000) I I
I I I I I ) I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
12.3 I Connectrequir_interfacesto I 30.0000130.00001-0- I-0- I-0- I-0 I -0-

I...........Ifacilityrack. I.........+.........+.........+.........+.........+ ) )
I I I I l l I f I I

I NO I I 705.0001 105.0001 0.000001 0.000001 O.O00001 I l
I I I I I I l I I I
...........+....................................+.........+.........+.........+.........+.........+....+.........................I

)3.0 I Reviewexperimentforpreparationl-O- I-0- I-0- I-0- I-0- I-0 I Thesestepswillbe I
I...........lofrun. I.........+.........+.........+.........+.........+ lacomplishedpriortoeachl
I I I I l I I I landeveryrun. I
I YE I I 705.000)lOS.O00)0.000001O.O0000l0.00000) I )

)...........+....................................+.........+.........+.........+.........+.........+....+.........................I
13.1 I Reviewexperiment. I I0.00001I0.00001-0- I-0- I-0- I -0 I I
I...........I I.........+.........+.........+.........+.........+ I I
I ) I I I I I I I I
I YE I ) 715.000l 115.0001 0.00000) 0.00000) O.O0000l l l
I l I l I I I l I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................f
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" I

I'- !

IFacility:nuJtiple ExperimentProcessingFurnace Acronym:HEPF
! ............................................................................................................................. I

- I

IStepNumber: Step Description I Step : Ore, Po,er : ThermalDataRate)Vzdeo: Comments ,
, ...... , :Time(min)ITime(min)l(kg) : (kg) : (kbps) :Key1: :
! ..... !

I Usedfor I I......... +......... ÷......... +......... +......... I I I
I this I ITotat RunlTot.CrevlEnergyInlEner. OutlTot.Oatal I I
ICarrier Y/N: ITime(mJn):Tile(min):(kgHrs.):(kg Hrs):D.n.(kB): I :

:3.1.1 : Revie,experimentalprocedures.: 20.0000: 20.0000: O.O0000l0.00000:-0- : -0 l
I ....... !

I YE I I 735.0001 135.0001 0.000001 0.000001 0.000001 I
f I I l f f l f I
l ........... ÷.... _............................... +......... ÷......... ÷......... +......... +......... ÷.... ÷.........................
)3.1.2 I attach samplecarousel to furnace: 15.00001 15.0000f 0.000001 0.00000:-0- I -0 l
I........... l :......... +......... +......... +......... +......... + )

I YE : : 750.000f 150.0001 0.000001 O.OOO001O.O0000f :
I I l l l l I I f
l ........... ÷.................................... ÷......... +......... +......... ÷......... ÷......... +.... +.........................
13.1.3 I Securefurnace. I-0- :-0- I 0.000001 0.000001-0- I -0 1

I :......... ÷......... ÷......... ÷......... ÷......... ÷ I
I I I I I I I I

YE : _ 750.0001 150.000_0.000001 0.000001 0.000001 [
I I I : I ) : I

I ................................................. +......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷.........................

:3.2 ) Runsystemintegrity test. : 1.00000: 5.000001-0- I-0- :-0- I -0 :
I........... )......... ÷......... ÷......... ÷......... +......... ÷ )

' I I ) : I I I
I

, YE I : 751.000: 155.000f 0.00000: 0.00000: 0.000001 I
' ' I I , I I I I I

!

........... ÷.................................... +......... ÷......... ÷......... ÷......... ÷-_ ....... ÷.... ÷.........................

13.2.1 Secureall connectionsandseals.l 10.0000:10.00001 0.000001 O.O000Ol-O- I -0 1
........... : I......... ÷......... ÷......... ÷......... ÷......... ÷ I

, , I I I I I I I
' YE ! : 761.0001 165.0001 0.000001 0.000001 0.000001 I
' f l I l l f )

I

I............................................... +......... ÷......... +......... ÷......... ÷......... ÷.... +.........................
3.2.2 I Turn-onprocessorfacility. I 1.000001 1.000001 0.3500010.350001-0- I -0 I Processor: 350g
........... I :......... ÷......... ÷......... ÷......... ÷......... + I

' YE , I 762.000:166.0001 0.005831 0.005831 0.00000: I
' I I l l I f l

I

I................................................. +......... ÷......... ÷......... +......... ÷......... ÷.... ÷.........................
3.2.3 I Turn-onmastercontro|tersystet I 2.00000l 2.000001 0.350001 0.35000l-0- I -0 I SEE3.2.2

I ........... test program. I......... +......... +......... +......... +......... + I
l

, YE ' I 764.0001 168.0001 0.011671 0.01167f 0.00000: :
, ) : f : l : l

!

........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷.........................
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! .............................................................................................................................. I

IFaciJJty:Hultip]e ExperimentProcessingFurnace Acronym:HEPF I
! ........... I
I ...................................................................................................................... I

IStep Humberl StepDescription ) Step I Cre. I PowerI Therma]IData RatelVideol Comments I
,'........... ,' :Time(min):Time(min)l (kH) : (kW) I (kbps) _Key1: I
I Usedfor I I......... +......... +......... +......... +......... I I I
I this I ]Total RunlTot.CrewlEnergy[nlEner. OutlTot. Data: I I
ICarrier Y/NI :TJle(lin))Time(mJn))(kNHrs.)l(kW Hrs) :D.n.(kB) : l :

!4.0 : Run. :-0- :-0- l-O- I-0- :-0- I -0 : Thesestepsinclude thel
...........I :.........+.........+.........+.........+.........+ :actualrunningof the :

: : I l : I I :facility. I
YE ) I 764.000: 168.000) 0.000001 0.00000: 0.00000: : )

I : I I I I : I :
........... +.................................... +......... +......... +......... +......... +......... +.... +......................... :
4.1 : Runprocess. :-0- I-0- :-0- :-0- :-0- : -0 ) )
............I ).........+.........+.........+.........+.........+ I I

YE ) ) 764.0001 168.0001 0.00000: 0.00000) 0.00000: : I
I I I ) : I I : )

........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

14.1.1 I Adjustprocessingparameters. I 10.00001 10.0000: 0.35000) 0.350001 1.000001-0 : SEE3.2.2 I
I...........I I.........+.........+.........+.........+.........+ I I
I I I I I : : I I I
I YE I : 774.0001 178.0001 0.05833_ 0.05833: 600.000) I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... '

14.1.2 : Runfurnaceandsa_Je heat-up. I 180.000: 15.0000) 1.10000: 0.60000: 1.00000:-0 : Peakheat rejection is
,'........... ,' :......... +......... +......... +......... +......... + 12500Wincreasing fron
I I ) ) I I I ) 1350Wat52.44W/min
I YE I ) 954.0001193.00013.3000011.80000)10000.0) I

)...........+....................................+.........+.........+.........+.........+.........+....+.........................

14.1.3 I Nunprocesstosamplesoak ) 120.000:I0.000010.6000010.6000011.000001-0 I -0-
'...........' _.........+.........+.........+.........+.........+ I! I

I I I I I I I I I
I YE I I 1074.001203.00011.20000)1.20000)7200.001 )

I........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
14.1.4 I Runprocessto 9ro, crystal. I 13500.0_ 20.0000) 0.600001 0.60000:1.000001 -0 I Pouerequalheat loss
!...........' I.........+.........+.........+.........+.........+ :plusSEE3.2.2! i

I ) I I I ) I I
I YE : : 14574.0) 223.0001 135.0001 135.000) 810000.1 I
I I I I I I I I I
I........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
14.1.5 ) Turn-off furnaceandquench I 0.050001 0.00000: 0.35000:4.920001 1.000001 I -0-
I........... :samplewith gaseoushelium for 3 I......... +......... +......... +......... +......... + I
I :seconds : I I I : I I
I YE I : 14574.0:223.0001 0.000291 0.004101 3.000001 :

I...........+....................................+.........+.........+.........+.........+.........+....+.........................
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:FaciJjty:Mu/tipJe ExperimentProcessingFurnace Acronys:HEPF
I ................................... I

_StepHumber_ Step Description _ Step _ Crew I Power _ Ther=aJ IData Rate_YJdeol Conents I
' ........... ' ]Tize(min)JTime(min)] (EW) = (kW) I (kbps) IKey 1= =I I

Used for I _......... +......... +......... +......... +......... I _ I

I this I ITotal RunlTot. CreNIEnergy[n]Ener. OutlTot. Datal I I
:Carrier Y/HI :TJme(zin)JTJme(mJn)l(kWHrs.)l(kW Hrs)lD,n.(kB)l I I

14.1.6 I AJ]ov furnace to coo]-down. I 184.0001 IS.00001 0.600001 0.600001 t.O00001 -0 I Heat rejection start atl
,'........... ,' _......... +......... +......... ÷......... +......... + _2500Wdecreasing to $50
I l I I I I I I IW at end of period
I YE I I [4758.01 238.0001 t.840001 ].B40001 ]1040.01 I

I ........... ÷...... : ............................. ÷......... ÷......... ÷......... ÷......... ÷......... +.... ÷...................... ---
4.2 _ Runend. _-0- _-0- _-0- _-0- 1-0- I -0
' ..... ' I ......... +......... +......... +......... +......... + I

I YE _ I 14758.0l 238.0001 0.000001 O.O0000l 0.000001 l
I I I I l l I I I
........... +.................................... +......... +......... +......... ÷......... +......... +.... +................ _........

14.2.I I Disassemble furnace as required I t20.O001 ]20.000] 0.350001 0.350001-0- I -0 I SEE3.2.2
, ........... ,to removemodule. _......... +......... +......... +......... +......... +

{ YE I I 14878.01 358.000] 0.700001 0.700001 0.000001 I

I ........... +.................................... ÷......... ÷......... ÷......... ÷......... +......... ÷.... ÷.........................

_4.2.2 _ HoveazpouJes from heater modu/e { 20.0000_ 20.0000_ .0.$5000_ 0.350001-0- _ -0 I SEE_.2.2
I I, ........... ,to 91ovebox. ]......... +......... +......... +......... +......... + I
I I I I I I I I I

YE I _ 14898.01 378.0001 0.11667_ 0.116671 0°00000_

........... +.................................... +......... +......... +......... +......... ÷......... ÷.... +.........................
14.2.3 I Turn-off contro|]er. I 1.000001 1.000001 0.000001 0.000001-0- I -0 1
,_........... , ,' _......... +......... +......... +......... +......... +
I I I I I I I I I

l YE l I t_899.01 _79.0001 O.O0000l 0.000001 0.000001 :

I ........... +.................................... +......... +......... +......... ÷......... +......... +.... +.........................
15.0 _ RemovesampJecarouseJ from I 5.000001 5.000001 0.000001 0.000001 0.000001 0 I -0-
,'........... ,'furnace I ......... +......... +......... +......... +......... + I

I I I I I I I I I
I HO _ I J4904.0_ 384.000_ 0.00000_ 0.00000_ 0.00000_
I I I I I I I I I
I ........... ÷.................................... ÷......... ÷......... ÷......... ÷......... +......... +.... +......................... '
15.1 l _emovesamples from sample I 5.00000l 5.000001 0.000001 0.000001 0.000001 0 I -0-
]........... Icarouse[ I ......... +......... +......... +......... +......... + I

I NO I I 14909.01 389.000l 0.000001 0.000001 0.000001 I

l ........... +.................................... +......... +......... ÷......... +......... +......... +.... +.........................
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! - _ .... I

IFacility:Hultiple ExperimentProcessingFurnace Acronym:HEPF I
# .... !
! ............................................................................................................................. I

IStepNumberl StepDescription I Step I Crew I PowerI Therma]IDataRatelVJdeol Comments I

'...........' :Time(min):Time(min)l(kN) : (kN) I (kbps) :KeyII II l

I Usedfor I I.........+.........+.........+.........+.........I I I

I this l lTotaI RunlTot. CrewlEnergyInlEner. OutlTot. Data: : :
:CarrierY/NI :Time(min)ITime(min)l(kNHrs.):(kHHrs) IDwn.(kB)I : I

:5.2 : Packageampoules in shock : 20.0000: 20.0000: 0.00000: 0.00000: 0.00000:0 : -0-
I...........:resistantcontainersforreturnto I.........+.........+.........+.........+.........+ I

I :earth. I I I I : : : I
I NO I 1 14929.01 409.0001 O.O00OOl O.O0000l O.O0000l l :
I f I I : I I : f I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................:

15.3 I Secureand storesamplecarouselI IO.O000110.000010.0000010.0000010.0000010 I -0-
I...........Iforsafereturntoearth. I.........+.........+.........+.........+.........+

I I I I _ I I I I

I NO I : 14939.01419.000:0.00000:0.0000010.000001 I

÷ ÷ + ÷ ÷ + ÷ ÷

:6.0 I Run characterization. :-0- I-0- :-0- I-0- I-0- I -0 I Thesestepswillbe

'...........' I.........+.........+.........+.........+.........+ Iperformedduringthe £00I l

I : I : : : I I :period
I NO l f 14939.01 419.000:0.000001 0.000001 O.O0000l I

f I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

16.1 I Reviewand analyzeproduct. I-0- I-0- I-0- _-0- I-0- : -0 1

,..........., :.........+.........+.........+.........+.........+ :! - I

I I I I I I I I I

I NO I I 14939.0:419.00010.000001 0.000001O.O0000I I

: I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

16.1.0I I ViewandphotographboulethroughlIO.O000IIO.O0001O.O0000IO.O00001-O- I -0 1

I...........:wallof ampoule. I.........+.........+.........+.........+.........+ I

I I f f I I I I I

I NO I I 14949.0:429.00010.0000010.00000_0.000001 I

I I I I I I I I I
I ........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
:6.1.02 I DisassembJeampouleand remove : 30.0000:30.0000:0.20000:0.20000:-0- : -0 : Glovebox: 200 H

I...........:boulefromampoule. I.........+.........+.........+.........+.........+ I

I NO I I 14979.01459.000:O.IO00010.I000010.00000: :

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

16.1.03 I Operateetchingequipmenttoetch: 30.00001 30.000010.2000010.200001-0- I-0 I GJovebox: 200 g

I...........Igrowthresiduefromproduct. _.........+.........+.........+.........+.........+ I

NO I _ ISO09.0:489.0001O.IO000lO.IO000_0.000001 I

I...........+....................................÷.........+.........÷.........+.........÷.........÷....÷.....................:---
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IFaciIity:HuJtJpleExperimentProcessingFurnace Acronym:HEPF I

IStepNumberl StepDescription I Step I Crew I PowerIThermalIDataRatelVideol Comments I
..........._ _TJme{mJn)ITime{min)_(kN)_ (kg) T(kbps)_ey 1_ I
IUsedfor I I.........+.........+.........+.........+.........I I I
I this I ITotalRunlTot.CrewIEnergyInlEner.OutlTot°Datal I I

ICarrierY/HI ITime(min)lTime(min)_(kgHrs.)l(kNHrs)IDwn.(kB)l I I

)6.1.04 ) Viewandphotographproduct° ) I0.0000)10.0000)0.2000010.20000_-0- )-0 ) SEE5.1.3 )
I...........I I.........+.........+.........+.........+.........+ I )

I NO I ) 15019.0)499.000)0.0333310.0333310.00000) ) )
I _ I I _ I I I I I
...........+....................................+.........+.........+.........+.........+.........+....+.........................I

_6.1.05 _ OperatemassmeasurementdeviceI 20.0000_20.0000_0.22000_0.22000_-0- _-0 _ G1ovebox: 200W;HassI
I...........)andmeasuremassofboule. I.........+.........+.........+.........+.........+ Imeasurement:20g )

I HO I 1 15039.01519.00010.07333:0.07333:0.000001I I

...........+....................................+.........+.........+.........+.........+.........+....+.........................I

)6.1.06 : Operatedimensionaldevice to : 10.0000) 10.000010.200001 0.200001-0- I -0 ) SEE5.1.3 )
I...........l_easurephysicaldimensionsof _.........+.........+.........+.........+.........+ ) )
I )boule. l I [ I ) I ) )
) NO / I 15049.0) 529.000) 0.03_331 0.0_3331 0.00000_ ) I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

)6.1.07 : Operatecuttingunittoslice : 40.0000140.0000)0.9500010.950001-0- )-0 ) Giovebox: 200H; )
I...........Isamplewaferfromboule. I.........+.........+.........+.........+.........+ _Cutting/Pol(shing: 750_I
I ( I I I I ) I I I
: NO I : 15089.0)569.000)0.6_333)0.63333)0.00000) ] :

I...........+....................................+.........+.........+.........+.........+.........+....+.........................:

)6.1.08 ) Viewandphotographwafers. I 10.0000)10.0000_0.20000)0.200001-0- )-0 ) SEE5.1.3 )
I...........I I.........+.........+.........+.........+.........+ ) I

) HO ) : 15099.0:579.00010.0333310.0333310.000001 I )

:...........+....................................+.........+.........+.........+.........+.........+....+.........................:

)6.1.09 ) Operatepolishing device to : 40.0000:40.00001 0.950001 0.95000_-0- { -0 I SEE5.1.7
I...........)polishwafers. I.........+.........+.........+.........+.........+ ] )
I I I I ) I I I I I

) NO ) ) 15139.01619.000l0.6333310.63333l0.000001 : I

:...........+....................................+.........+.........+.........+.........+.........+....+.........................)
16.1.I0 I Viewandphotographwaferusing I 40.0000J40.000010.150001O.ISO001-O- I-0 I Hicroscopesystem_ 150:
I........... _m_croscopesystem. _......... +......... +......... +......... +......... + IW I
I I I I I I I I I I
I HO _ I 15179.0_659.000_0.10000t0.10000_0.00000t _

I I I I ) I ) ) I )
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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I ........................ I
# ............ " .................................. " ......................................................... I

IFacilJty:HuJtJp|eExperimentProcessingFurnace Acronym:HEPF I
I .............................. I

lStepNumberl StepDescription I Step I Crew I PowerI ThermalIData RatelVideol Comments )
:...........l ITime(min):Time(min))(kg) I (kW) I (kbps) IKeyI: :
:Usedfor _ I.........+.........+.........+.........+.........I I )

l this l ITotalRunlTot.CrewlEnergyInlEner.OutlTot.Oatal ( I
)Carrier Y/NI lTime(mJn)lTime(min)l(kWHrs.)l(kg Hrs) )Dvn.(kB)) l )

16.1.11 ) Operateetchingdevicetoetch I 30.0000130.000000.2000010.200001-0- )-0 ) GJovebox: 200H (
I...........Iwafer. _.........+.........+.........+.........+.........+ I I
) l I I I I I I I I

) NO l ) 15209.0) 689.0001 0.10000) O.lO000l 0.000001 l I
I I ) I I I l l I I
)...........+.................:..................+.........+.........+.........+.........+.........+....+.........................)
16.1.12 t Vie=andphotographwaferusing) 40.0000)40.000000.1200010.12000[-0- _-0 I SEE5.I:I0 I
)...........lmicroscopesystem. ).........+.........+.........+.........+.........+ ) )
I l I l ) ) I ) ) )
I NO ) I 15249.0l729.000l0.0800010.08000)0.000001 l )

) ) I I I I I l ) l
...........+....................................+.........+.........+.........+.........+.........+....+....................._---I

)6.1.13 l Repeat6.1:11 and6.1:12 as I 70.0000) 70.0000) 0.180001 0.18000)-0- I -0 I AvgPowerfor steps i
..........._requJred. ).........+.........+.........+.........+.........+ I
I I I : ) : : I I )

I NO ) ) 15319.0:799.000)0.2100010.21000)0.000001 ) :
I I l I I I I I l )
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
16.2 _ Verify wafer crystal structure. )-0- 1-0- )-0- _-0- I-0o _ -0 ) I
,'........- -- ,' I.........+.........+.........+.........+.........+ I I

) ) I I I I I I I
) NO I l 15319.01799.000)0.0000010.00000)0.000001 I I
) ) I I I I ) I I )
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
16.2.1 I Viewwaferusingx-raysystem I 180.0001180.00011.500001l.SO000)-O- I-0 ) X-raysystem )

)...........I(topography). I.........+.........+.........+.........+.........+ )(topography): ISO0H i
) I I I I I I I ) )

I NO ) ] 15499.01979.0001 4.500001 4.5000010.000001 ) )

...........+....................................+.........+.........+.........+.........+.........+....+.........................I
16.2.2 I Operateelectrical conductivity I 20.00001 20.00001 0.015001 0.015001-0- I -0 I Electrical conductivityl
l...........)probetoalyzewafer. I.........+.........+.........+.........+.........+ )probe: 15W )
) _ I I l I l I _ )

I NO I _ 15519.0_ 999.000( 0.00500(0.00500) 0.00000) I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

)6.2.3 l OperateHall probe to analyze I 40.00001 40.00001 O.SO0001O.SO000I-O- ) -0 ) Hall probe: 500H )
,'-........-- ,'wafer. I.........+.........+.........+.........+.........+ I I

I NO I : 15559.0l 1039.001 0.333331 0.333331 O.O0000l : )

I...........+....................................+7........+.........+.........+.........+.........+....+.........................I
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!

! ................................................................................................................................. I

( I

)Facility:Multiple ExperimentProcessingFurnace Acronym:MEPF
I ................................................................................................................................. I

I

StepNumberl Step Description ) Step I Crew I PowerI ThermalIData RatelVJdeol Comments ,
' ....' )Time(min))Time(min)l(kW)I (kW)) (kbps)INey11 )
! ....... I

! I

)Usedfor I ,.........+.........+.........+.........+.........! I I
I this ) )Total RunlTot.CrewIEnergyInlEner. OutlTot. Datal I )
:CarrierY/NI )Time(min)ITime(mJn)l(kWHrs.)l(kgHrs):ewn.(ke): ¢ I

+ t

16.2.4 I OperateFTIRtoanalyzewafer. ) 40.0000140.0000)1.50000)1.50000)0.00000)0 I -0-
)........... I I......... +......... +......... +......... +......... + )
I I l I I I I I I
I NO _ I 15599.0:1079.00)1.0000011.0000010.000001 I
I I : I I ) ) I )
)...........+....................................+.........+.........+.........+.........+.........+....+.........................
)7.0 ) Reviewdata. I-0- I-8- I-0- I-O- )-0- )-0I Thesestepswillbe
' ......' I.........+.........+.........+.........+.........+ )performedforboththe
I ..... I

I I I I l l l I )IOCandGrowthmissions.'

I NO l I 15599.01 1079.001O.O0000l0.000001 O.O0000I I
I I I I I I I I I

+........... +.................................... +......... +......... +......... +......... +......... +.............................
l

)7.1 I Secureandstoreproducts. ) 30.0000l30.0000:0.2000010.200001-0- -0 Glovebox: 200gplus i
'........' l.........+.........+.........+.........+.........+ 13.1.I ,

I ) I I l _ I I I )
) NO l ) 15629.0l 110).001 0.100001 0.100001 0.00000) I )

I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
l I ' -- l l l . l I,7.2 , Revxewpostexperimentdata. ,-0- ,O- ,-0- -0- -0- 0
! .........' I.........+.........+.........+.........+.........+ I I
l'" l

I I I : I ) ) ) I )
I NO ) ) 15629.0) 1109.00) 0.00000) 0.000001 0.00000) l I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
l

17.2.1 l Verify data as required. I _0.0000) _0.0000) 0.000001 0.000001-0- I -0 1
' .....' I.........+.........+.........+.........+.........+ I I
! ...... !

I I I I I _ I I I
I NO I I 15659.0) 1139.00) 0.00000) 0.00000) 0.00000) I (

........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
l I

)7.2.2 l Verify correlation of I 30.0000) 30.00001 0.00000) 0.00000)-0- I -0 )
)........... lexperimentalparametersto results. I......... +......... +......... +......... +......... + I )
I I I I I I I I I I
I NO I I 15_89.01 1169.0010.000001 0.000001 0.000001 I I
l l I I l : I I I I
l...........+....................................+.........+.........+.........+.........+.........+....+.........................l
17.2.3 l Reviewnext runparameters. I 60.00001 60.0000) 0.00000) 0.000001-0- I -0 I l
' ......' I.........+.........+.........+.........+.........+ I I
I ..... !

I I I I I I I I I I

) NO : ) 15749.0( 1229.0010.00000) 0.000001 0.00000) : )
I I I I I I I I I I
I...........+................_...................+.........+.........+.........+.....:'"+.........+....+.........................I
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IFacJ]Jty:Hu]tJp]e ExperimentProcessing Furnace Acronym:HEPF
I

! ................................................................................................................................. I

I

IStep Number Step Description Step I Crew I PowerI ThermaJIData RatelYldeol Comments ,
I ........... I ITiae(aJn)ITiae{ain)l (kW) _ (kW) I (kbps) l[ey tl I
I Used for I _......... +......... +......... +......... +......... I I I
I this I ITota! Run,Tot. Crew]EnergyInlEner. OutlTot. Datal I ]

:Carrier Y/N: :Tize(min)ITiie(ein):(kW Hrs.):(kW Hrs) :D_n.(kB): : I
! ................. z

18.0 I Clean equipment, l-O- :-0- :-0- I-0- I-0- I -0 I Thesesteps _i1] be I
I ........... I I ......... +......... +......... ÷......... +......... + Iperformed at the end of I
I : I I I I : I Ithe 90 day mission or I
I NO I I ]5749.01 1229.001 O.O00OOlO.O00001 O.O00001 lwhen needed. I

I .......... _÷ .................................... ÷......... ÷......... ÷......... ÷......... ÷......... +.... ÷.........................

18.1 I C|ean equipmentas needed. I 30.00001 _O.OOOOlO.OOOOOlO.OOOO01-O- I -O I
I........... I I......... ÷......... ÷......... ÷......... ÷......... ÷ I
I I I I I I I I I

: NO I I 15779.01 1259.001 0.00000] O.O00001 O.O00001 I
I I I I I I I I I
I .......... _+........................ L........... +......... +......... +......... ÷......... +......... +.... +.........................
18.2 I Secure equipmentas needed. I 90.00001 90.00001 O.OOOOOlO.OOOOOl-O- I -O I
I ........... I I ......... ÷......... ÷......... ÷......... +......... ÷ I
I I I I I I I I I
f NO I I 15869.0_ 1349.001 O.O000Ol O.OOOO01 O.O00001 I

f I I I I I I f I
I ........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷.........................
I TOTALS IRun Time ICrew TimelEng. In IEng. Out I Data I
I I 15869.0_ I_49.001 150._011 148.8051" O.OOOO01
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• I

I ................................................................................................................................. !

I I

IFacility:Noreal FreezingFurnace-I Acronym:NFF-I
I

| ................................................................................................................................. I

I I

IStep Nuiber_ Step OescriptJon I Step I Crew I PowerI Therea]IData Rate)Videol Comments ,
, ' )Time{ain)ITime(min)l (kH) I (kW) I (kbps) IKey11 I| ........... I

I ................. |I Usedfor I ,......... +......... +......... +- + , I I
I this I _Tota] RunlTot.CrewlEnergy]nlEner. OutlTot.Datal I I
ICarrier Y/NI ITime(min)ITime(min)l(kNHrs.)l(kN Hrs) IDwn.(kB)I I I

11.0 I Groundto station activities. I-0- I-0- I-0- I-0- I-0- I -O I Thesestepsinclude alll
' -- ' I.........+.........+.........+.........+.........+ Igroundbasedand I
I......... |

I l I I ) I I I Itransportation l
I NO I I O.O00001O.O00OOlO.OOO001O.O00001O.O0000l loperations. I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................!
Ii.I I Groundpreparationofsamples.I-0- I-0- I-O- I-0- l-O- )-0 )
| ........' I.........+.........+.........+.........+.........+ I )
|"'" |

I I I I I I I I I f
l NO l I O.O00001O.OOOO01O.O00OOlO.O0000)O.O00OOl I )
I I I I I I I I I I

- + I...... +................ _................... +......... +......... +......... +......... +......... +.............................
! ..... I

ll.l.l ) Groundprepartion of sample, l-O- l-O- )-0- I-O- I-0- ) -O )
' - -' I.........+.........+.........+.........+.........+ I )

I ) I I ) f I f I )
NO l I 0.000001 0.000001 0.000001 0.000001 0.00000_ I I

I I I I I I f I f I
........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

l l

)1.1.2 : HovesampleintoamPouIesand ) 120.00010.00000)-0- l-O- l-O- I-O )
I...........)sealthem. I.........+.........+.........+.........+.........+ I )

I I I l I I ) I I

) HO ) , I 120.OOOl 0.611)0001OoO0000lO.OOO001O.O00OOI i l
I I I I ) I ) I f )
........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

I

1.2 : Insert samplesinto furnace I 30.00001-0- )-0- I-0- l-O- : -O :
I...........ImoduLes. I.........+.........+.........+.........+.........+ I ,

I NO I I 150.0001 O.OOOO01O.OOO001O.O00001 0.000001 I I
I I I I ) f f I I
|........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
I

1.2.1 ) Securesamplesintoshipping I 20.00001-0- I-O- )-0- )-0- )-O I
I...........lcontainers. I.........+.........+.........+.........+.........+ I I
I I I I I I I I I I

) NO l I 170.0001 O.OOOOOlO.OOO00lO.OOOO01O.OOOO01 l )
I I I I l f I I l f
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
)1.2.2 I SecurefacHitytoexperiment I 6O.OOOO)-O- l-O- l-O- l-O- I-0 I I

)...........Irack. I.........+.........+.........+.......T-+.........+ I I
I I I I I I I I ) I
I NO l ) 230.0001O.OOOO01O.O00OOlO.O000010.000001 I I
) I I I ) f I I I I
)...........+....................................+.........+.........+.........+.........+.........+....+.........................l
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I....................................................._......................................................:-...................I

IFacility:NormalFreezingFurnace-I Acronym:NFF-! I
I................................................................................................................................. I

IStepHumberl StepDescription I Step I Crew I PowerIThermal[DataRatelVideol Comments I
I...........I ITime(iin)Hile(min)l(kY) I (kY) I(kbps)]KeyII I
IUsedfor I I.........+.........+.........+.........+.........I I I
I this I [TotalRunlTot.CrewlEnergyIn_Ener.OutlTot.Datal I I
ICarrierY/NI ITime(min)ITime(min)l(kNHrs.)l{kHHrs)IDwn.(kB)I I I

II.2.3 _ Transportexperimentrack, I-0- I-0- I-0- I-0- :-0- : -0 1
..........._containingequipment,tologistics[.........+.........+.........+.........+.........+ I I

I ImoduJe : : I : I I I I
I NO I I 230.000_ O.O0000f 0.000001 0.000001 0.000001 I I
I f f I f f I I f I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................f
11.2.4 _ Secureexperimentrack, : 60.00001 0.000001-0- [-0- I-0- I -0 I I
I...........:containingequipment,tologistics_.........+.........+.........+.........+.........+ I I
I Imodule. I I I I I I : I
f NO I I 290.000: O.O0000f 0.000001 0.00000[ 0.000001 I I

I I I f f _ l I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

11.2.5 I Securesamplesandfacility at I-0- I-0- I-0- :-0- I-0- I -0 _ I
[...........ISpaceStation. _.........+.........+.........+.........+.........+ : i
I I I I I I I I I I
: NO I : 290.0001 0.00000_ 0.000001 O.OOOOOf0.000001 f I
I : f [ I l I I f
l...........+....................................+.........+.........+.........+.........+.........+....+.........................I
IJ.2.6 I Transportlogisticsmoduleto I-0- I-0- I-0- I-0- I-0- : -0 :
:...........Icarrier. I.........+.........+.........+.........+.........+ : [
I I [ : I : I I : I
: NO I _ 290.0001 0.000001 O.O0000f O.O0000l 0.00000: f I
f I I f I I I f f I
I...........+....................................+.........+.........+.........+.........+.........+....+....--...................I
_2.1 I Transportfacilityrackfrom _ 60.0000_60.00001-0- :-0- I-0- I-0 I i

I...........:logisticsmoduletocarrier _.........+.........+.........+.........+.........+ : I
I _ I I I : I I I

NO I 350.0001 _0.00001 0.00000_ 0.00000_ 0.000001 I I
f I f f f f f :

I................................................ +......... +......... +......... +......... +......... +.... +......................... I
12.1.1 Securefacility rack to carrier [ 60.0000: 60.0000: O.O0000:0.000001-0- : -0 :
:..........._nassigned|ocaLionformission I.........+.........+.........+.........+.........+ _
: I I I : : I I I
I NO : 410.0001 120.0001 O.O0000f 0.000001 0.00000_ : I
I I I I f I f I I
I.................................................+.........+.........+.........+.........+.........+....+.........................I
12.1.2 Securefacility rack to lab. :-0- I-0- I 0.000001 0.000001-0- I -0 I I
I........... I.........+.........+.........+.........+.........+ I I

I I _ I I : I I I
NO I 410.000[ 120.000[ O.O00001 O.O0000f 0.000001 I I

l I I I I I I f f
l................................................+.........+.........+.........+.........+.........+....+.........................f



Functional Flow
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)ate:03/04/88 Carriers Hardware Page:8-54
j .............................. I

:Facility:NormalFreezingFurnace-I Acronym:NFF-I I
! ........ I

IStep Nuzberl StepDescription I Step I Crew I PowerI Therza| IDataRatelYideol Coazents I
'........... ' _Tiae(ain)_Tine(iin)_ (kW) _ (kW) _ (kbps) IKey1_ II I

I Usedfor I :........ +......... +......... +......... +......... I I )
I this l ITotaI RunlTot.CrewlEnergyInlEner. OutlTot. Datal l I
)Carrier Y/el ITile(nin))Tiie(sin)l(kN Hrs.)l(ke Hrs) :Own.{ke)_ : :

12.2.1 Connectrequiredinteraces to I 30.00001 30.00001-0- I-0- I-0- I -0 I Thesesteps.ill be I
lrack. _......... +......... +......... +......... +......... + lacoeplishedprior to eachl
I I I I I I I land everyrun. I

NO [ I 440.0001 150.0001 0.000001 0.000001 0.000001 I I

........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
13.1 _eviewexperiJent. _-0- _-0- _-0- _-0- _-0- I -0 _
'........... , :......... +......... +......... +......... +......... + I I
' , I I I : I I I I
' YE , _ 440.000_ 150.000_ 0.00000] 0.00000_ 0.00000_ _ I

' I I I I I I I! I !

I............................................... +......... +......... +......... +......... +......... +.... +......................... I
_.l.l _ _eviewexperimentalprocedures._ lO.O0001lO.O000_0.00000_ 0.00000_-0- _ -0 I I
........... I :......... +......... +......... +......... +......... + I I

I I I

' YE , _ 450.000: 160.000_ 0.000001 0.000001 0.00000_ I I

' , I I I I I I I :
............................................... +......... +......... +......... +......... +......... +.... +......................... I

:3.1.2 Hovesamp]einto the furnace. :-0- :-0- : 0.000001 0.000001-0- : -0 : ]
........... I I......... +......... +......... +......... +......... + I I

' YE , I 450.0001160.00010.0000010.0000010.000001 I I
! l I, I I I I : I I
I............................................... +......... +......... +......... +......... +......... +.... +......................... I
13.1.3 Securefurnace. I-0- I-0- I 0.0000010.000001-0- I-0 I I
........... : _......... +......... +......... +......... +......... + _ I

' YE , I 450.0001 160.0001O.O0000l0.000001 0.000001 I I
)

I................................................ +......... +......... +......... +......... +......... +.... +......................... I
:3.2.1 Secureallconnectionsandsea]s.lI0.00001I0.0000:0.0000010.000001-0- : -0 1
...........I _.........+.........+.........+.........+.........+ I I

' , I : : : I : I I
' YE , : 460.0001I_0.0001O.O0000:0.0000010.00000: I :

I........... ".................................... +......... +......... +......... +......... +......... +.... +......................... I
3.2.2 I Turn-onprocessorcontro|Jer,_ l.O0000_I.O0000_0.35000_0.35000_-0- _-0 I Processor:350H i
...........Ipowerconditioner,heatercontroIIerl.........+.........+.........+.........+.........+ I I

: :anddatarecorder. : : I : : I : I
, YE ' _ 461.000_ 171.000_ 0.00583_ 0.00583_ 0.00000_ _ I
! I

........... +.................................... ÷......... ÷......... ÷......... ÷......... ÷......... ÷ .... +......................... I
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I................................................................................................................................. I

IFaci/ity:NormalFreezingFurnace-I Acronym:NFF-I I
I................................................................................................................................. I

IStepNumberl StepDescription I Step I Crew I PowerI Therma|IDataRatelVideol Comments I

:...........I ITime{min)Nime(min)_(kW) I (kW) I (kbps) IKeyI_ I
IIUsed for _ ,.........+.........+.........+.........+......... I :

: this I ITotalRunlTot.CrewlEnergyInlEner.OutlTot.Data: : :

:CarrierY/N: :Time(min):Time(min)l(kWHrs.):(kWHrs)IDwn.(k8): I I
I .i

13.2.3 I Turn-on master control|er system.: 2.000001 2.000001 0.35000: 0.350001-0- I -0 I SEE3.2.2
'...........' I.........+.........+.........+.........+.........+ : :I l

: I I _ I I : I I I

: YE I I 463.0001173.000_0.0116710.0116710.000001 I I

I........... +.................................... ÷......... ÷......... +......... +......... +......... +'"'+ ......................... I

:3.2.4 I Runsystemintegrity test. I 5.000001 1.000001-0- :-0- I-0- I -0 I I
' ' I.........+.........+.........+.........+.........+ I II........... !

I YE : I 468.0001 174.0001 0.00000_ 0.000001 0.000001 I I
: I _ I : I : I I :

I
I ........... ÷.................................... +......... ÷......... ÷......... ÷......... ÷......... ÷.... +......................... '

14.0 I Run. I-0- :-0- I-0- I-0- l-O- I -0 I Thesesteps include thel
' ........... ' I ......... +......... +......... +......... +......... + factual running of theI I

I I I I I I I I :facility.

I YE I I 468.000_ 174.0001O.O00OOl0.00000_ O.OOO001 I

I ........... ÷.................................... _ ......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷.........................

14.1 I Runprocess. I-0- I-0- I-0- I-0- I-0- I -0 1
'...........' I.........+.........+.........+.........+.........+ II !

: I I I I I I I I

I YE I I 468.0001 174.000_0.00000:0.000001 0.000001 I

I I I I I I I I I
• I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

14.I.I I Adjustprocessingparameters. I I0.0000_IO.O000_0.3500010.350001-0- I -0 I SEE 3.2.2

'...........' I.........+.........+.........+.........+.........+ II I

I I I I I I I I I

I YE I _ 478.000_ 184.000_ 0.058331 0.05833_ O.OOO001 :

........... +.................................... ÷......... ÷......... +......... ÷......... ÷......... +.... ÷.........................

14.1.2 I Run furnace and sample heat-up. I 90.00001 2.000001 I.O00001 0.35000_ 8.00000_ -0 _ Peak heat rejection is

!- - ' I ......... +......... +......... +......... +......... + :2500 W increasing fromI ......... !

I : I : I I I I 1350 Wat 52.44 H/min

I YE I _ 568.0001 186.0001 1.500OOl 0.52500_ 43200.0_ I
: I I : : I I I I

:...........+....................................+.........+.........+.........+.........+.........+....+.........................

14.1.3 I Runprocesstosamplesoak I 1440.00_60.000010.8500010.850001 8.000001-0 I -0-

:...........: :.........+.........+.........+.........+.........+ I

I I I : : I I : I

I YE I I 2008.001 246.000_ 20.40001 20.40001 691200.I I

I I I : I : I : :
.........................................................................................................................I ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷
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I ................................................................................................................................. I

I

IFaciIity:Norma] Freezing Furnace-I Acronym:HFF-I

IStepNumber: StepDescription : Step I Crew I Power] ThermalIDataRate:Videol Comments I
'.........' :Time(min):Time(min):(kg) : (kW) :(kbps) :Keyl: Il "" I

!I Usedfor I ,.........+.........+.........+.........+......... : I

: this : :TotalRun,Tot.Crew:EnergyIn:Ener.OutlTot.Oatal I :

lCarrierY/N: :Time(min)ITime(min)l(kgHrs.):(kNHrs):Dwn.(kB): I :

14.1.4 I Runprocesstogrowcrysta]. I 7920.001660.00010.8500010.850001 8.000001-0 I Po,erequa|heatloss I
,..........., :.........+.........+.........+.........+.........+ IpIusSEE3.2.2 II I

I I : : I I I I I I

I YE I I 9928.00: 906.000: 112.200: I]2.200:.38016E71 I I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

I_.1.5 I Turn-off furnace and aIlo, it to I 150.0001 12.0000_ 0._50001 0.800001 8.00000: -O I Heat rejection start all
I ........... :cooI-do,n. I ......... +......... +......... +......... +......... + 12500Wdecreasing to 350 1

I I I I I I I I INat endof period )

[ YE I I 10078.0: 918.000_ 0.87500:2.000001 72000.01 _ I
I I : I I I I I I I
!........... ÷.................................... ÷......... ÷......... +......... ÷......... ÷......... +....+.........................

I ! I I I I _ I _ I I4.2 , Runend. ,-0- ,-0- ,-O- ,-O- ,-0 , 0 , ,
! I

...........I I.........+.........+.........+.........+.........+ , ,

I I I I I I I _ I

YE _ _ I0078.0_ 918.000: 0.00000] 0.00000: 0.000001 I I

I I I I I I I : I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

N.2.1 I Disassemble furnace as required I 120.0001 120.0001 O._500OJ O._SO001-O- I -0 I SEE_.2.2 I
I I,...........,toremovemodule. I.........+.........+.........+.........+.........+ I I

I YE I I 10190.01 IO30.O01 0.700001 0.700001 O.OOOOOl I I
I I I I I I I I ] I

......... I
[........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷......... ÷.... ÷................

14.2.2 : Hove ampou]esfrom heater module I 20.00001 20.00001 O._5OO0: 0.35000:-0- I -0 I SEE3.2.2 I
I ___!,........ ,toglovebox. I.........+.........+.........+.........+.........+ I I

I I I I I I I I

I YE I I 10218.01 1058.001 0.1166710.I16671O.O00001 I I
I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.2._ I Turn-off controller. I l.OOOO0: 1.00000_ 0.00000_ O.O00OOl-O- : -0 I I
'..........' I.........+.........+.........+.........+.........+ I I! " I

I I _ I I I : I I I

I YE I I I0219.01I059.001O.OOOO01O.OOO001O.OOO001 I I

........... I
I ........... ÷.................................... ÷......... ÷......... ÷......... ÷......... ÷......... +.... ÷.............. '

IS.O I Packageampou]esin shock I 30.00001 3O.OOOOl-O- I-0- I-0- I -O I Thesesteps _i]] Ue I
I...........Iresistantcontainersfor returnto I.........+.........+.........+.........+.........+ IdeletedfromthelOC I

I learth. I I I I I I Imissionanalysis. I

: NO : 1 10249.01 1009.001 0.00000:O.OOOO01 O.OOO00_ I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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I ..... ¢
I ............................................................................................................................ J

IFacilJty:Normal Freezing Furnace-1 Acronym:NFF-I I
! ............. I
I .................................................................................................................... i

IStep Numberl Step Description I Step I Crew I PowerI Thermal IData RatelYJdeol Comments I
,'...........,' )Time(min)ITime(min):(kW) I (kM)) (kbps))Key I) )

IUsed for I l.........+.........+.........+.........+.........I I I

) this : :Total Run:Tot. CrewlEnergy InlEner. OutlTot. Datal I I
ICarrier Y/N: )Timo(min))Tlme(min))(kWHrs.))(kM Hrs))Dun.(kB): : )

:5.I I Removeampoulefromfurnace I I0.0000)I0.000010.00000)0.0000010.0000010 I -O-

f...........Imoduleand translationdevice. _.........+.........+.........+.........+.........+ I I

I I I I I I I I I :

I NO I ) 10259.0) 1099.001 0.000001 0.000001 0.00000) I I
I I I I I I : I : I
I ........... +............................... r .... +......... +......... +......... +......... +......... +.... +......................... '
:6.0 : Run characterization. I-0- )-0- )-0- :-0- :-0- :-0 : Thesestepswill be

'...........' I.........+.........+.........+.........+.........+ IperformedduringtheIOC# #

) I : I : I _ : Iperiod
I NO I I 10259.011099.001O.O0000I0.0000010.000001 I

I I I I I I I I I
................................................................. _ .......................................................) + + + + + + + +

16.1 I Reviewandanalyzeproduct. 1-0- J-O- 1-0- 1-0- J-O- : -0 I
'...........' ).........+.........+.........+.........+.........+ Il I

) NO : : 10259.01I099t001O.O0000I 0.00000:0.000001 :

:...........+....................................+.........+.........+.........+.........+.........+....+.........................

16.1.01 : Viewand photographboulethroughlI0.00001 I0.0000:0.00000:0.00000:-0- I -0 1
)...........lwallof ampoule. I.........+.........+.........+.........+.........+ )

I I I I I I I I I

I HO ) : 10269.0: 1109.00)0.000001 0.00000) 0.000001 :
I I I I I I I I I

I...........+....................................+'_.......+.........+.........+.........+.........+....+.........................

16.1.02 : Disassembleampouleand remove : 30.0000:SO.O000:0.2000010.20000)-0- I -0 : Glovebox: 200 W

...........Iboulefromampoule. I.........+.........+.........+.........+.........+ I

I I I I I I I I I

I NO ) ) 10299.01IIS9.0010.I000010.I0000:0.000001 I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

16.1.03 : Operateetchingequipmenttoetch_ SO.O000I SO.O000:0.2000010.20000:-0- : -0 : Glovebox: 200 W

)...........Igrowthresiduefromproduct. I.........+.........+.........+.........+.........+ I

) HO I : 10329.011169.0010.I0000_0.I000010.00000) :

I I I I : I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

16.1.04 ) Viewand photographproduct. ) I0.00001 I0.0000:0.2000010.20000_-0- : -0 I SEE S.l.S

............' I.........+.........+.........+.........+.........+ )I I

I I I ) I I I I I

I NO I I I0339.0)1179.0010.033331 0.0333310.000001 :

I I I I I I ) I )

I...........+....................................+.........+.........+.........+.........+.........+....+.........................
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IFacilJty:NormalFreezingFurnace-I Acronym:HFF-! I _m
I.................................................. I

_StepNumber_ StepDescription _ Step _ Crew _ Power_ ThermalIPataRate_Videol Comments

'.........' :Tiie(min):Time(min):(kW) : (kW) : (kbps) IKeyI: I! -- -!

I Usedfor _ :.........+.........+........._.........+.........[ : I

I this I ITotalRunlTot.CrewlEnergyInlEner.OutlTot.Oatal I I
ICarrier Y/N: :Time(min)ITime(min):(kWHrs.):(kN Hrs):Dwn.(k6) : : I
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

16.1.05 : Operate massmeasurementdevice ) 20.0000: 20.0000l 0.220001 0.22000:-0- : -0 ) Glovebox: 200 H; Hass:
,...........,andmeasuremassof boule. :.........+.........+.........+.........+.........+ _measurement: 20H I

I NO : 1 10359.011199.0010.0733310.0733310.000001 I I

I...........+....................................+.........+.........+.........+:........+----.....+....+.........................I

16.1.06 _ Operatedimensionaldeviceto _ 10.0000_!0.0000_0.20000_ 0.20000_-0- I -0 _ SEE 5.1.3 I

l...........lmeasurephysicaldimensionsof :.........+.........+.........+.........+.........+ :
: Ibou|e. : I l I : I I I

NO : : 10369.01 1209.00l 0.03333_ 0.03333_ 0.00000_ _ I

........... +.................................... +......... +......... +......... +......... +.._. ..... +.... +...................... ._-_

:6.1.07 : Operate cutting unit to slice : 40.0000) 40.0000) 0.95000: 0.95000:-0- : -O I Glovebox : 200 W; ]
I ........... IsampIe wafer from boule. I ......... +......... +......... +......... +......... + ICutting/Polishing : 750 WI
I I I I I I I I I I

NO I : 10409.01 1249.001 0.633331 0.63333: 0.00000_ ) I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

T6.1.08 I Viewandphotograph,afers. : IO.O000_IO.O000;0.20000_0.200001-0- _ -0 _ SEE5.1.3

,............,' I.........+.........+.........+.........+.........+ l : m

11
I NO _ _ I0419.0_!259.00_0.03333_ 0.03333_ 0.00000_ I I

...........+....................................+.........+.........+.........+.........+.........+....+.........................

:6.1.09 I Operate polishing device to I 40.00001 40.00001 0.950001 0.950001-0- : -0 : SEE5.1.7 I
I ........... :polish wafers. :......... +......... +......... +......... +......... + : I
: : ] ) _ : I I I :
: NO l : 104Sg.0I [299.001 0.63333: 0.63333:0.000001 l :

:...........+....................................+.........+.........+.........+.........+.........+....+.........................:

16.I.IO I Viewand photographwaferusing : 40.0000140.000010.15000: 0.150001-0- I-0 I Hicroscopesystem: ISOl

)...........Imicroscopesystem. :.........+.........+.........+.........+.........+ :W )

I I I I I I I I I I

NO _ _ I0499.0_1339.00_0.I0000_ O.iO000_0.00000_ _ I

...........+....................................+.........+.........+.........+.........+.........+....+.........................:

:6.1.11 I Operateetchingdeviceto etch : 30.0000130.000010.2000010.200001-0- : -0 I Giovehox: 200 W :

I...........:wafer. I.........+.........+.........+.........+.........+ : I

: NO : : 10529.01 I369.001 O.IO0001 0.100001 0.000001 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
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.................................................................................................................................

IFacility:NormalFreezingFurnace-I Acronym:NFF-I
I.................................................................................................................................

IStepNumber: StepDescription I Step I Crew _ PowerITherma|IgataRate:Videol Comments
I...........I )Time(iin)ITime(min)l(kW) : (kN)I (kbps):Keyi:
IUsedfor I I.........+.........+.........+.........+.........I I
I this l ITotalRun:Tot.CrewlEnergyInlEner.OutlTot.Datal I

:Carrier Y/NI ITime(mJn)lTime(min)l(kgHrs.)I(kWHrs) IDwn.(kB)I l

16.1.12 I Viewandphotographwaferusing: 40.0000140.0000_0.12000)0.12000)-0- I-0 I SEE5.I:I0
I...........Imicroscopesystem. I.........+.........+.........+.........+.........+ I
I I _ I I I I I I
) NO _ ) 10569.01 1409.00_0.080001 0.080001 0.000001 I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

16.1.13 ) Repeat6.hlland6.1:12as I 70.0000:70.000010.1800010.18000:-0- I-0 I AvgPowerforsteps
I...........Irequired. I.........+.........+.........+.........+.........+ I

I NO I 1 10639.01 1479.00_0.210001 0.210001 0.000001 I
I I _ I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
16.2 I Verify wafer crystal structure. I-0- I-0- I-0- _-0- I-0- : -0 I )
I...........I I.........+.........+.........+.........+.........+ I I
I ) I I I I : I I I

I NO _ ) I0639.0)1479.0010.0000010.0000010.000001 I )
I I I I I I I I I I
...........+....................................+.........+.........+.........+.........+.........+....+.........................I

16.2.1 I Viewwaferusingx-raysystem : 180.000)180.000:1.5000011.50000:-0- I-0 I X-raysystem I
I---,.......l(Lopography). ).........+.........+.........+.........+.........+ :(topography): 1500N I
I I _ I I I I I I I
I HO I I 10819.011659.0014.50000)4.5000010.000001 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
16.2.2 I OperateeJectricalconductivity: 20.0000120.000010.1500010.015001-0- : -0 : ElectricalconductJvityl
I...........Iprobetoaiyzewafer. ).........+.........+.........+.........+.........+ Iprobe_ 15W
I I I I : I I I I
I NO I : 10839.011679.00_0.050001O.OOSO010.000001 :
I I I _ I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................
16.2.3 I OperateHal] probe to anaJyze I 40.0000] 40.0000) O.SO000)0.500001-0- I -0 I Hall probe: SO0W
........... lwafer. I......... +......... +......... +......... +......... + I

I I : I I I I I I
I NO I ) 10879.011719.0010.33333: 0.33333:0.000001 I
I I I I I I I ) )
I........... +.................................... +......... +......... +......... +......... +......... +.... +.........................

16.2.4 ) OperaterFTIRtoanalyzewafer.I 40.0000)40.0000:1.50000)I.SO000)0.00000(O I -0-
:...........I ).........+.........+.........+.........+.........+ )

) HO I I 10919.0)1759.00:l.O0000I1.00000(0.000001 )

I........... +.................................... +......... + ......... +......... +......... +......... +.... +.........................
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IFaciJity:Horma]FreezingFurnace-] Acronym:NFF-I I
I ......... J

IStepNu_ert StepDescription I Step _ Crew I Power_ ThermaJ_OataRate_VJdeo_ Comments I

,--'.......-- ,' ITime(min):Time(min)l(kH) I (kN) : (kbps) :Key11 :

: Usedfor I ).........+.........+.........+.........+.........I ) I

: this : ITotalRunlTot.Crew:EnergyIn:Ener.OutlTot.Datal : I

IOarrierY/N: :Time(min)ITime(min}:(kNHrs.)J(kWHrs) :Own.(kB)I I :

17.0 I Reviewdata. :-0- t-O- I-0- I-0- I-0- I -0 I Thesestepswil]be I

,'...........,' [.........+.........+.........+.........+.........+ [performedforboth the I

: : ) l I : : ) IIOCand Growthmissions.:
) NO I ) 10919.011759.00)0.0000010.00000)0.000001 : )

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

17.1 I Secureand storeproducts. ) 30.0000)30.0000(0.2000010.20000)-0- I -0 I GIovebox: 200 N plus I

I...........I I.........+.........+.........+.........+.........+ 13.1.i I

HO ) 109¢9.011789.00)0.I0000)0.I0000)0.00000) I )

: I I I I I I ) I

I...............................................+.........+.........+.........+.........+.........+....+.........................I

:7.2 Reviewpostexperimentdata. :-0- l-O- l-O- :-0- I-0- : -0 ) I

'............ I.........+.........+.........+.........+.........+ : I

) I ) I I I I I I

) NO ) 10949.011709.00)0.00000_0.00000:0.00000) I I

)................................................+.........+.........+.........+.........+.........+....+.........................)

17.2.1 Verifydataas required. I 30.00001_0.0000_0.000001 0.00000_-0- ) -0 I I

I........... I.........+.........+.........+.........+.........+ I :
I I I I I I I : I

) NO ) 10979.0)1819.00)0.00000_ 0.00000)0.00000) ) I

I I I I I I ) I I

................................................+.........+.........+.........+.........+.........+....+.........................I

:7.2.2 Verify correlation of I 30.00001 30.0000] 0.000001 0.000001-0- I -0 I I
l...........)experimenta[parametersto results,l.........+.........+.........+.........+.........+ ', I

I NO l l 11009.011849.0010.000001 0.000001O.O0000l I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

)7.2.3 I Reviewnextrunparameters. : 60.0000160.000010.000001 0.000001-0- : -0 1

)..........._ :.........+.........+.........+.........+.........+ I :

I I I I I _ ) I _ )

NO _ _ 11069.011909.00)0.00000_ 0.000_ 0.00000_ _ I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

18.0 I Cleanequipment. I-0- I-0- I-0- I-0- I-0- I -0 I Thesestepswillbe I

I...........I I.........+.........+.........+.........+.........+ Iperformedat theendof I

_ I _ _ I I _ Ithe90day missionor
I NO I I II069.011909.0010.000001 0.0000010.000001 lwhenneeded. I

I...........+....................................+.........+.........+.........+.........+-_.......+....+.........................I
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I ................................................................................................................................. I

IFacJ/ity:Norma] Freezing Furnace-J Acronym:NFF-J I
I ................................................................................................................................. I

)Step Number: Step Description I Step I Crew I Power I Thermal :Data RatelVJdeol Comments I
! ...... I

, ..... , _Tiae(nin)ITiae{iin): {kW) : (kW) I (kbps) l[ey I: I
Used for I ' ............. ,a ÷ ..... ÷......... ÷......... ÷......... i I I

I this I :Total Run,Tot. Crew_Energy[n_Ener. Out,Tot. Patal I I
ICarrier T/N: ITJme(iJn)_TJle{iJn):(kW Hrs.):(kW Hrs) IOun.(k6) I : I
I ..... I

18.J I Clean equipmentas needed. : 30.0000_ 30.0000_ O.OOO00:0.000001-0- I -0 1
' ......... ' I ......... +......... +......... +......... +......... + Il "-!

I _0 I I 11099.01 19_9.001 0.000001 0.000001 0.000001 l

I ........... +.................................... ÷ ......... +......... +.... _ .... ÷......... ÷......... +.... +.........................

18.2 I Secureequ]plent as needed. : 90.00001 90.0000: 0.00000_ O.O00001-O- : -0 1
' ...... ' I ......... ÷......... +......... ÷......... +......... + II ..... l

I HO : _ IH89.0_ 2029.00_ 0.000001 0.000001 0.000001 I

! .............. -
! ÷ ................................. ÷ ......... ÷ ......... ÷ ......... ÷ ......... ÷......... ÷ .... ÷.........................

I TOTALS IRunTile ICrewT]zelEng..[n IEng. Out I Data I
I _ 11189.01 2029.00_ 143.981_ [44.086_ O.OOO001
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{Facility:ORGANIC ANDPOLYNERCRYSTALGRONTHFAC. Acronym:OPCGF I
I .......................................... J

_Step Nuiber_ Step Description _ Step I Cre, _ PoNer I Therla/ IOata Rate_VJdeo_ Couents I
' ...... ' _Time(min)_Time(min)J (kW) _ (kW) I (kbps) IKey 1_ II ..... #

( Usedfor I I.........+.........+.........+---:.....+.........I ) I

I this I (Total Run(Tot. Creu(EnergyInlEner. OutITot. Datal I I

ICarrier Y/N: )Time(min)lTise(min))(kNHrs.))(kN Hrs) )D.n.(ke) : l )

{I.0 I GROUNDBASEDACTIVITIES. )-0- I-0- I 0.0000010.00000(0.000001N I -0-

'....... ' ).........+.........+.........+.........+.........+ I I

NO _ ) 0.00000)0.00000l0.00000)0.00000)0.00000) I )

l I ) l ] ) ) I I )

(...........+....................................+.........+.........+.........+.........+.........+....+.........................)

(2.0 I REVIEWEXPERIHENTPROCEDURES ] _0.0000) _0.00001 0.000001 0.000001 0.00000( N ) -0-
' - - ' _.........+.........+.........+.........+.........+ _ II......... I

I

NO I _ _0.0000_ 30.0000_ 0.00000_ 0.000001 0.000001 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

)2.1 ) INSTALLUNIQUEEOUIPHENTIN ) 30.0000) 30.0000)0.00000( 0.0000010.000001N ) OBSERVEFUNDAMENTAL I

)...........)FACILITY (.........+.........+.........+.........+.........+ )SAFETYPROCEDURES I

,' I I I I I : ( I I
NO _ _ 60.0000_60.0000_0.000001 O.O0000I0.000001 :

)...........+....................................+.........+.........+.........+.........+.........+....+.........................I

:2.2 : INTERFACEEOUIPHENTIN HID-DECX : _0.00001 _0.00001 0.000001 0.000001 2.00000( N : -0-
)...........ILOCKER(S) I.........+.........+.........+.........+.........+ I )

I I ) I I I I I I I

I NO : : 90.00001 90.00001 0.000001 0.000001 _00.001 ) ,

I........... +.................................... +......... +......... +......... +......... +......... +.... +.........................

)2.3 ) INSERTTHEEAC(S)INTOFACILITY ) 5.00000)5.00000)0.750001-0- )-0- ) N ) -0-

(...........)RACKS ).........+.........+.........+.........+.........+ I

I ) ) ) ) I I ( I

: NO ) ) 95.0000( 95.0000( 0.06250: 0.000001 0.00000) :

I I I I I I I I I
........... +.................................... +......... +......... +......... +......... +......... +.... +......................... ,

(3.0 _ PREPAREFOREXPERINENTRUN(S) (10.0000) 10.0000) 0.000001 0.000001 0.000001N ) -0-

I ........... )REVIEWSTARTINGPROCEDURES I......... +......... +......... +......... +......... +

I YE I I 105.000:105.0001 0.000001 0.000001 0.000001 :
I ) I ) I I : ) (
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

{_.I : RUN HASTENCONTROLLERSYSTEHAND _ 5.00000_5.00000(0.1250010.1250010.00000{N I -0-

I ........... (INTEGRITYTESTPROGRANS )......... +......... +......... +......... +......... + (

) YE ) ) 110.000)110.000)0.01042)0.01042)0.00000) ) I

I , I I I I I ) ) I :

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

(I
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• I

I ................................................................................................................................. I

IFaciIJLv:ORGANICAND POLYHERCRYSTALGRONTHFAC. Acronym:OPCGF I

I ................................................................................................................................. I

IStepHumberl StepDescription I Step I Crew : PowerI ThermalIDataRatelVideol Comments I
'...........' ITiae(min)ITiae{ain)l(kW) I (kW) I (kbps) IKeyII I
! l

............... IIUsed for I ,.........+.........+.........+--- + I I

I this I :Total Run:Tot. CrewlEnergyIn[Ener. OutlTot. Oatal I I

[Carrier Y/NI ITile{mJn)fTJme(iJn)l(kW Hrs.)l(kN Hrs) IDwn.(kS) : I I
÷ i

14.0 : BEGANEXPERIHEHTPROCESSRUNANDI 2.000001 2.00000:0.125001 0.125001-0- : N : -0-
I...........IIHTEGRITYTESTPROGRAHS I.........+.........+.........+.........+.........+ I I

I I I I I I I [ I I

I YE I I 112.0001 112.000:0.004171 0.004171 O.OOOO0: I I
I I I I I I I I I I

....... I

I ........... ÷.................................... +......... +......... +......... ÷......... +......... ÷.... ÷..................

14.1 I INPUTPROCESSINGPARAHETERS I 5.00000[ 5.000001 0.125001 0.125001 O.SO000:N I -0-
' ........... ' I ......... +......... +......... +......... +......... + I I
I I

I I I I I I I [ I I
YE [ I 117.0001 117.0001 0.010421 0.01042_ ISO.O00: _ I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.2 I BEGANHEATUP PHASE I 30.00001-0- I 0.2000010.0600010.500001N I -0-

' ........... ' I ......... +......... +......... +......... +......... + [
I I

I YE [ I I47.0001117.0001O.lOOO0: 0.03000:900.000[

I I I I _ I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

14.3 I HEATUP TOREOUIREDTEHPERATUREI 40.0000[ 40.00001 0.40000[ 0.12000[ 0.500001N : -0-

I..........._ :........=+.........+---=.....+.........+.........+ I

I I _ I I I I I I

I YE I I 187.0001IST.00010.26667[ 0.08000[1200.001 I

I I I I I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

14.4 I HAINTAINREOUIREDTEHPERATURE I I1520.01-0- I O.ISO001 0.0450010.500001N [ -0-

I...........IUNTILPROCESSISCOHPLETED I.........+.........+.........+.........+.........+

I YE I I I1707.0:IST.000128.80001 8.640001345600.I I

: ÷ + + ÷ ÷ ÷ ÷ ÷

:4.5 : ENDPROCESSRUN,ALLOWSYSTENTO I 60.0080[-0- : 8.J2SOO: 0.65088l 0.50000:-0 : -0-
I...........ICOOL ].........+.........+.........+.........+.........+ : I

: YE _ : I1767.01157.000[0.1250810.658001 1800.001 I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.6 I REHOVEHODULESFROHFACILITYRACKI 30.00001 30.00001-0- [-0- I-0- I-0 I -0-

:...........IANDSTOW. I.........+.........+.........+.........+.........+ I I

I I I : : I I I I :

I YE I : I1797.01187.00010.00008:0.080001 0.00000[ : I
I I : I : I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
I ' I ' I I I I " I, TOTALS ,RunTzme,CrewTzme,Eng.In ,Eng. Out , Data ,

: I 11797.0[187.8801 29.3792_ 9.425001 0.08000: I
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! ............................................................................................................................. !

I I

IFacJIJLy:PHY. VAPORTRANSPORTOFORGANICSOLIDS Acronyg:PVTOS
I

I ................................................................................................................................. I
I

IStepNumberl StepDescription I Step I Ire, I PoHerI ThermalIDataRatelVideol Colments I
, ........, ITiie(min)_Time{min)l(kg) I (kg) I (kbps) IKeyII I

I Used for I I ......... +......... +......... +......... +......... I I I
I thLs : )TotalRun,Tot.Cre,:EnergyIn:Ener.Out:Tot.Datal : I

:CarrierY/N: ITime(min)ITime(min)l(kgHrs.):(kgHrs)IOwn.(kB)I I I

:I.0 : GROUNDBASEDACTIVITIES. I-0- i-O- I-0- )-0- :-0- ) -0 : -0-
, ___! :.........+.........+.........+.........+.........+ :
!........ I

i : : : I I I I i

I NO : i O.O0000I 0.000001 0.00000: O.O0000f 0.000001 I

I I I I I I I ) I
I........... ÷.................................... +......... ÷......... +......... +......... +......... +....÷.........................

12.0 I REVIEWEXPERINENTPROCEDURES I 30.0000130.00001-0- I-0- I-0- I N I -0-
' ---' I.........+.........+........+.........+.........+ I
I........ I

I I I I I I I I I

: NO i : 30.00001 30.00001 0.000001 0.000001 0.000001 :
I I I I I I
l • ! I I I l I I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
:2.1 I INSTALLUNIOUEEOUIPHENTIN i 30.0000130.00001-0- :-0- I-0- I H : -0-
:...........IFACILITY I.........+.........+.........+.........+.........+ I i

I I I I I ) I I I I
NO l : 60.00001 60.O000f 0.000001 0.000001 0.000001 : i

f I I I I I I ) : I
+ i

:........... +.................................... +......... +......... +......... +......... +......... +............................. ,

12.2 : INTERFACEEOUIPHENTIN HID-DECK : 30.00001 30.00001-0- :-0- i-O- : N : -0-
)...........:LOCKER i.....:---+.........+.........+.........+.........+ I I

: NO : ) 90.0000)90.00001O.O0000l0.000001 O.O000O: : )

I I I I I I I I I I
+ i

I..........._....................................+.........+.........+.........+.........+.........+.............................'
12.3 I INSERTTHE EAC INTOTHE HID-DECKI 15.0000115.00001-0- I-0- I-0- I N I -0-

I...........ILOCKER(S) I.........+.........+.........+.........+.........+ : )

I I I I l I ) I i I

: NO : : 105.000:lOS.O00l0.00000:O.OOOO010.000001 I :

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
:3.0 I PREPAREFOREXPERINENTRUN/REVIEN_15.00001 15.00001-0- :-0- I-0- I N I -0-
:...........ISTARTUP PROCEDURES :.........+.........+.........+.........+.........+ I I

I I I I I I I I I I

I YE I l 120.0001 120.000:0.000001 0.000001 0.000001 : I
l _ I I I I I I f )
I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... i
:3.1 I RUNHASTENCONTROLLERSYSTENAND I 5.00000l5.000001-0- :-0- I-0- : N I -0-

:...........:INTEGRITYTESTPROGRAH :.........+.........+.........+.........+.........+ : )

I I I I I I I I I I

: YE : : 125.000: 125.000: 0.00000:0.000001 0.000001 : I
I I I _ I I I i I I
m........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
I
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_FacJJJLy:PHY.VAPORTRANSPORTOFORGANICSOLIDS Acronye:PVTOS I
I ....................................... I

_StepNumber_ Step OescriptJon _ Step _ Crew _ Power _ Therma]IData Rate_YJdeo_ Comments I
'.......... ' ITime(iin)ITile(iin)] (AM) ] (kM) I (kbps) IKey 11 I
I Usedfor I I.........+.........+.........+.........+.........I I I

I this I lTota! RunlTot. CrewlEnergyInlEner. OutlTot. Patal _ I
:Carrier Y/N: :Time(min)lTime(min)l(kXHrs.)l(kN Hrs) IDwn.(kB) : : I

14.0 I BEGANEXPERIHENTPROCESSNUN : 2.000001 2.00000] 0.070001 0.070001-0- I N I -0-
,'....--- --- -,' l ......... +......... +......... +......... +......... + I I

I YE I : 127.0001 [27.0001 0.002_31 0.002331 0.000001 I :

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

[4.1 I INPUTPROCESSINGPARANETERS _ 5.00000[ 5.000001 0.07000_ 0.07000[ 0.500001N I -0-
' ........... ' I ......... +......... +......... +......... +......... + I II I

I I I I I I I I I I

I YE _ _ 132.0001 132.000_ 0.00583_ 0.00583_ 150.000_ _
I I I I I I I I I I
...........+....................................+.........+.........+.........+.........+.........+....+................'........I

14.2 I BEGANHEATUPPHASE I 30.00001 30.00001 0.130001 0.039001 0.500001 N I -0-
,'..........-,' I.........+.........+.........+.........+.........+ I I

I YE I I 162.0001 [62.0001 0.065001 0.019501 900.0001 I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
14.3 I HEATTODESIREDTEHPERATUREAND I 20.00001 20.00001 0.090001 0.027001 0.500001N I -0-
:...........IALLONTO STABILIZE _.........+.........+.........+.........+.........+ I I

: YE _, I 182.0001 1_2.000_ 0.0_000_ 0.00900_ 600.0001 _ I
I I I I I I I ' I I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
14.4 I HAIHTAINSETTEHPERATUREUNTIL I 11520.01 0.000001 0.090001 0.027001 0.500001N ] PROCESSINGOFSELECTEDI
]........... IPROCESSIS COHPLETED I ......... +......... +......... ÷......... +......... + ISOLIDSTAKEPLACEDURINGI

t _ _ : : _ I : :THISPHASE I

I YE I I H702.01 182.0001 17.28001 5.184001 _45600.I I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
14.5 I ENDPROCESSROHALLO_SYSTENTO I 60.00001 _0.00001 0.070001 0.217001 0.500001N I -0-
I..........._COOL _.........+.........+.........+.........+.........+ I I

I I I I I I I I I I

: _E : : [I?_2.0: 242.000: 0.07o00_ 0.21700_ leO0.O0_ I

l ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
14.6 I REHOVEEAC(S)FROHHID-_ECK I _0.00001 _0.0000_-0- l-O- _-0- _ -0 I -0-

I...........ILOCKER(5) I.........+.........+.........+.........+.........+ I I

I YE I 1 11792.01 272.0001 0.000001 0.000001 0.000001 I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
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IFaciliLy:PHY. VAPORTRANSPORTOFORGANICSOLIDS Acronyl:PYTOS I
I ................................................................................................................................. I

IStep Nuzberl Step Description I Step I Crew I Power I TheriaJ IData RatelVideol CoeIents I
I........... I ITile{Iin)ITile{win)l (kH) I (kN) I (kbps) l[ey [I I
I Usedfor I I ......... +......... +......... +......... +......... I I I

I this I ITotal Runl[ot. CrewlEnergyInlEner. OutlTot. DaLai l {

ICarrJer Y/NI {TJie(ein)ITJie(mJn)l(k_ Hrs.)_(kN Hrs) IDwn.(k8) I l I

14.7 I STOREEAC(S)NODULE(S)FORRETURNI-O- I-0- I 0.000001-0- I-0- I N I -0-

I ........... ITO GROUND I ......... +......... +......... +......... +......... + I I

I YE I I 11792.01 272.0001 0.000001 0.000001 0.000001 { I

{........... +_................................... ÷......... +......... +......... +......... ÷......... +.... +......................... I
I TOTALS IRun Tize ICrew TJzelEng. In IEn9. Out _ Data I I
I { 11792.01 272.0001 17.45321 5.437671 O.O000Ol I
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I.................................................................................................................................

IFaci]ity:ProteinCrysta|GrowthIV Acronym:PCG-IV

I.................................................................................................................................

IStepNumberl StepDescription : Step I Crew I PowerI Therma|IDataRatelVideol Comments

' -' ITime(iin)ITime(min)l(kN) I (kW) I (kbps) IKeyII!.......... I

Used for I I.........+.........+.........+.........+.........I I

I this I ITotalRun:Tot.CrewlEnergyInlEner.OutlTot.Oatal I

:CarrierY/NI )Time(min))Time(min)l(kNHrs.))(kNHrs)IOwn.(k6)l I

II.0 I Groundbasedactivities, i-O- I-0- I 0.0000010.0000010.000001-0 I -0-

' ........... ' [......... +......... +......... +......... +......... + I! !

I I I I I I I I I
I NO I I 0.0000010.0000010.0000010.000001 0.000001 I

I I I I I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.0 I Initialsetup. I-0- I-0- I 0.0000010.0000010.000001-0 I -0-

' ' I ......... +......... +......... +......... +......... + II ........... |

I NO I I 0.0000010.0000010.0000010.000001 0.000001 :

I...........+....................................+.........+.........+.........+.........+.........+....+..................'......

12.1 I TransportfacilityfromresuppIyI 120.0001120.00010.0000010.0000010.000001-0 I -0-

:........... )moduleand interfacetocarrier I.........+.........+.........+.........+.........+ I

: llocation. I I I : I : :

: NO ) 1 120.0001 120.000) 0.000001 0.000001 0.000001 )
I I I I I I I I I
I ........... +.................................... +......... +......... +......... +......... +......... +.... +.........................

12.2 I Secure faci|Jty in place for I _0.00001 _0.00001 0.00000:0.000001 0.000001 -0 I -0-
I ........... loperation. I ......... +......... +......... +......... +......... + I
I I I I I. I I I I
I NO I I 150.0001150.00010.0000010.0000010.000001 )

I I I I I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.3 I Verifyproperconnectionsand I i0.00001IO.O00010.0000010.0000010.000001-0 I -0-

I...........Icheckfor leaks :.........+.........+.........+.........+.........+ I

' NO I : 160.0001160.00010.0000010.00000)0.00000) I¢

) I f ) f I l ( I
........... +.................................... +......... +......... +......... +......... +......... +....+.........................

)2.4 I Reviewexperimentprocedures. I IS.O000:15.0000:O.O0000IO.O0000I0.00000:-0: -0-

,,...........,, ).........+.........+.........+.........+.........+ )

) NO : 1 175.000)175.000)0.0000010.000001 0.000001 :

I I I I I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.5 I Turnon PCG-IVmainpowerswitch.l 1.000001I.O000010.0800010.080001 IO.O000:-0I -0-
I..... #, ...... , I.........+.........+.........+.........+.........+ I
I I I I I I I I I

I NO I : 176.0001 176.0001 0.001331 0.001331 600.0001 l
I l I I I I I ) I
I........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
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I .......................................................................................................................... " ...... I

]Facility:Protein Crystal GrowthIV Acronym:PCG-IV I
................................................................................................................................. I

IStep Numberl Step Description I Step I Crew I Power I Thermal IData Rate]Videol Comments I
I ........... _ fTime(min)_Tiae(Jin)_ (kg) I (kg) _ (kbps) IKey l] I
: Usedfor I :......... +......... +......... +......... +......... I I I

this _ _Total Run,Tot. Crew_EnergyIn_Ener. Out,Tot. Datal _

ICarrier Y/NI ITJze(min)ITjme(min)l(kg Hrs.)l(kg Hrs) lDwn.(kB) I I I

12.6 I Turn on master controller and runl 5.000001 5.000001 0.060001 0.060001 IO.OOOOl-O I -0-

',........... ,system'integrity I ......... +......... ÷......... ÷......... +......... + I I
I I I I I I I I I l

I NO I I lSI.O001 18[.0001 O.OOSO01 O.O0500f 3000.001 I f
] f f f f _ l f l I
f ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... f

_2.7 I Disengage launch locks on sample _ 5.00000_ 5.00000_ 0.0_000_ 0.06000_-0- _ -0 _ -0-
I ........... Ipreparation mechanismand trays. )......... +......... +......... +......... +......... + I I

I NO I I 186.0001 186.0001 0.005001 0.005001 0.000001 I I
I I I l l I f I I f

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
13.1 I Insert cartridges of sample I 20.00001 20.00001 0.060001 0.060001-0- I -0 : -0-
I ........... Isolutions, salts, PHbuffer I ......... +......... +......... +......... +......... + I I
I Isolutions,. etc. into the reservoir I I I I I I I I

YE _Iocations. _ 206.000_ 206.000_ 0.02000_ 0.02000_ 0.00000_ _
I I I I I I I I I I
I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
13.1 I Insert cartridges of sample I 20.00001 20.00001 0.060001 0.060001 lO.OOO01-0 I -0-
l ........... lsoJutions, salts, PHbuffer I ......... +......... +......... +......... +......... + _ I

I ]solutions, etc. into the reservoir I I I l : I I I
I YE llocations. I 226.0001 226.0001 0.020001 0.02000l 12000.01 I I

I I I I I I I I I I
I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
13.2 I Adjust the optical system and I 15.00001 [5.00001 O.O_O0010.060001 lO.O0001-0 I -0-

I...........Iverifypropertraycodingand I.........+.........+.........+.........+.........+ I I
I lorientation. I _ _ _ I _ I I
I YE I I 241.0001 241.0001 0.015001 0.015001 9000.00] I I

f ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... f
I_.3 I Trun on the Thermalcontrol I JO.OOOOJJ.OOOOOlO.J6000_ 0.160001 iO.O0001 -0 I -0-
)...........]systemand allowtostabilizeatrunl.........+.........+.........+.........+.........+ I I

I Itemperature. I I I I I I I I
I YE I I 251.0001 242.0001 0.026671 0.026671 6000.001 I I
I I I I I I I I I I
I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I

14.1 I Run pre-programmedsample mixing I 60.00001 JO.O0001 0.200001 0.200001 ]0.00001 -0 I Duration of this step I
I ........... _and loading, t ......... +......... +......... +......... +......... + lis a function of the I
I I I I I I I I Inumberof samples tobe I

I YE _ I 311.000/ 252.000_ 0.20000_ 0.20000_ 3_000.0_ Iprepared. I
I I I I I I I I I I
I ........... +.................................... +......... +......... +......... +......... +......... +.... +........................

a
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I ................................................................................................................................. I

IFaciiity:Protein Crysta/ GrowthIV Acronym:PCG-IV I
I ___1
I ............................................................................................................................... I

IStepNumberl StepDescription _ Step I Crew I PowerI ThermallDataRatelYideol Comments I
I ........... I ITime(min)_Time(min)l (kN) I (kW) I (kbps) IKey II I

I Used for I I ......... +......... +......... +......... +......... I I I
I this I ITotaIRunlTot.CrewlEnergy[nlEner.OutlTot.Datal I I

:CarrierY/NI ITime(min)ITime(min)l(kgHrs.)l(kgHrs) IDwn.(kB) I I I
I " . ............. I

14.2 I Turn on video for selected sampIel l.O00001 1.000001 0.220001 0.220001 iO.O0001Hi I -0-

'...........'viewing. I.........+.........+.........+.........+.........+ I I! I

I I I I I I I I I I

I YE I _ 312.0001 253.000_ 0.0036710.003671600.000_ I I

I I I I I I I I I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
14.3 I Runthe crystaIgrowthsequence.I 7000.00160.00001 0.2000010.200001 IO.O0001HI I Durationissample I

'............ I.........+.........+.........+.........+.........+ Idependentandmay be muchll l

I I I I I I I I IIongerformanysamples.I

I YE I I 7312.001 313.0001 23.3333_ 23.33331 .42000E71 I I
= I I = = I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

14.4 I Viewand photographselected I 20.0000120.00001 0.150001O.J50001I0.00001HI I Durationissample I

I...........Isamples. I.........+.........+.........+.........+.........+ Idependentandmay be muchl
I I I I I I I I llonger formanysamples.I

I YE I I 7332.001 333.0001 0.050001 0.05000] 12000.01 I I

I I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

IS.l ) Removeselectedsamplesand I 20.00001 20.000010.150001 0.150001i0.0000)-0 I Durationissample )

I...........Ipackagefor returntoground. I.........+.........+.........+.........+.........+ " )dep_dentandmay Ue muchl

I I I I I I I IIongerfor manysamples.

I NO I 7352.001 353.0001 0.050001 O.05000f 12000.01 f
I l I I f l l I
f................................................+.........+.........+.........+......_._+_........+....+.........................

16.1 Removeand transferselected I 30.00001 30.000010.150001 0.150001IO.O0001-0 I X-raymay require8 to

I...........Isamldesforon-orbit I.........+.........+.........+.........+.........+ I15kN peak.
I zatJon if available. I I I _ I I

I NO I 7382.001 383.0001 0.075001 0.075001 18000.01 I
I I I I I I I I
l................................................+.........+.........+.........+.........+.........+....+.........................

_8.1 Removeemptyreservoircartidges_ 15.0000115.00001O.ISO001 0.15000_I0.0o001-o _ -o-

' ! I ......... +......... +......... +......... +......... + I,...........,andreloadforadditionalruns.
I _ I I I : I I I

I HO I I 7397.001398.00010.037501 0.0375019000.001 I

I I I I I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

18.2 I Repeatsteps as required. I-0- I-0- I-0- I-0- I-0- I HI I -0-
' ........... ' _......... +......... +......... +......... +......... + I
! I

I I I I I I I I I
I NO I I 7397.00_398.00010.000001 0.0000010.000001 I

I I I I I I I I I

I ........... +.................................... ÷......... +......... +......... ÷......... ÷......... ÷.... ÷.........................
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! ................................................................................................................................ I
I I

IFacJJJty:ProteJnCrystalGrowthIV Acronym:PCG-IV
- ._]

! ........................................................................................................ - .................... I
- I

IStepNumberl StepDescription Z Step I Crew PowerIThermal]DataRateVtdeol Comments ,
, ........' :Time(iin)ITime(min)l(kH) I (kW) :(kbps):Key1: )
!---- #

l I)Usedfor : ,.........+.........+.........+.........+.........' ) )
) this : ITotal Run:Tot.Crew)EnergyIn:Ener. Out:Tot. Data: ) )
[CarrierY/N: )Time(mJn)ITJme(mJn)[(kiHrs.)l(kNHrs)IDwn.(kB)) : I

+

)8.3 : Turnoffcamera asrequired.: 1.00000:1.00000:0.1600010.16000:I0.0000:HI I -0-
' .......' I.........+.........+.........+.........+.........+ I I
I.... I

I : I I I I I I I I
: NO I : 7398.001399.000) 0.002671 0.00267) 600.0001 : )

+
:........... +.................................... +......... +......... +......... +......... +......... +.............................

18.4 : TrunonauxJlIJarythermal : l.O0000ll.O0000l0.1600010.16000lI0.00001HI ) -0-
:...........:controldevice :.........+.......-'+ .........+.........+.........+ : )

I NO : : 7399.001 400.000) 0.00267) 0.002671 600.000) [ I
I I l I I I l I I )
!........... +.................................... +......... +......... +......... +......... +......... +....+......................... I
!

18.5 l Trunoffthermalcontrolunit. I l.O0000l1.0000010.0600010.060001I0.0000:HI ) -0-
' --' I.........+.........+.........+.........+.........+ I I
I......... !

I I ) I I I I I I I
) NO I : 7400.001 401.000_ 0.00100: O.OOIOOl 600.0001 _ )

l I l l I l I I I I

I........... +.................................... +......... +......... +......... +......... +......... +.............................

[8.6 : Trunoffmasterpowerswitch..I l.O0000I1.000001-0- 1-0- :-0- :-0 I -0-
, ......' I.........+.........+.........+.........+.........+ I I
I..... !

I : I I I I I I I I
: NO : : 7401.001 402.0001 O.O0000l0.000001 0.000001 ) I
I I I I I I I ) I )
!........... +.................................... +......... +......... +......... +......... + ......... +.... +......................... I

I • ' " I I I I

) TOTALS ,RunTzme,CrewTzme,Eng.In ,Eng.Out, Data , :
I I ! I, , 7401.00, 402.000, 23.8480, 23.8480, 0.00000, ,
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I ......................................... I

! ........................................................................................ I

IFacility:THREE-AXISACOUSTICLEVITATION Acronym:3AAL I
I ................................................................................................................................. I

IStepNumberl StepDescription ) Step _ Crew I PowerI ThermalIDataRate)Videol Comments I

I...........) ITi|e(|in)ITime(min)](kW) I (kW) I (kbps) IKeyI) I

I Usedfor I " . i.........+.........+.........+.........+.........I I )
I this I )TotalRun,Tot.CrewlEnergyInIEner.OutlTot.Data_ I I

IOarrierY/NI )Time(min)ITime(min))(kNHrs.)l(kNHrs)IDwn.(kB)I I I
I .................... I

II.O I Groundbasedoperations. I-0- I-0- I-0- I-0- I-0- I -0 I -0-

'...........' I.........+.........+.........+.........+.........+
l !

I I I I I I I I I

I NO I I 0.0000010.0000010.000001O.O0000i0.000001 I

I...........+....................................+.........+.........+.........+.........+.........+....+....._...................

12.0 I INITIALSETUP )-0- )-0- i-O- l-O- f-O- I -0 I -0-

'..........' I.........+.........+.........+.........+.........+ I

I NO l i 0.000001 0.000001 0.000001 0.00000) 0.000001 I
I I I I I I I I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.1 I TRANSPORTFACILITYFROHRESUPPLYI 120.0001120.0001-0- I-0- _-0- I -0 I -0-

I..........._NODULEAND INTERFACETO CARRIER I.........+.........+.........+.........+.........+ I

i )LOCATION i i ) ) ) ) i

I NO I I 120.000)120.000)0.000001O.O0000IO.O00001 I

I i I I I i i I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.2 I SECUREFACILITYIN PLACEFOR i 30.0000130.00001-0- I-0- i-O- ) -0 I -0-

I...........:OPERATION I.........+.........+.........+.........+.........+ )

I ) I I I I I I I

I NO I I ISO.O001ISO.O00_0.0000010.0000010.00000: I

I I I I I I I I I

...........+....................................+.........+.........+.........+.........+.........+....+.........................

12.3 I VERIFYPROPERCONNECTIONSAND I I0.00001lO.O0001-O- i-O- i-O- )-0 ) -0-

I...........)CHECKFOR LEAKS I.........+.........+.........+.........+.........+ )

I NO I I 160.000_160.00010.0000010.0000010.000001 )

...........+....................................+.........+.........+.........+.........+.........+....+.........................

_2.4 I REVIEWEXPERINENTPROCEDURE ) 30.00001 3O.O0001-O- I-0- I-0- I -0 I -0-
'...........' I.........+.........+.........+.........+.........+ I! !

I I I I I I I I I

I NO I I 190.0001190.000_0.0000010.00000)0.000001 I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

13.1 ) TURNON HEATERPOWER I 2.0000012.000001 0.14000)O.O0000IO.SO0001H ) -0-

'...........' I.........+.........+.........+.........+.........+ Il l

I I I I I I I I I

) YE I I 192.0001 192.000) 0.004671 0.00000) 60.0000) I

I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................
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I

! ................................................................................................................................. I

# I

)Facility:THREE-AXISACOUSTICLEVITATION Acronym:3AAL
l

I................................................................................................................................. f
!

IStepNumberI StepDescription ) Step ) Crew I PowerI Thermal)DataRatelVideol Comments )
' .... ' :Time(min)lliie{min)l (kN)) (kW)) (kbps) :Key 11 )
I ....... I

I Usedfor : ,.........+.........+.........+--- + , I I

I this l ITotalRunlTot.CrewIEnergyInIEner.OutlTot.Datal I )

)Carrier Y/NI :Time(mJn)lTiwe(min)l(kWHrs.)l(kg Hrs) :Own.(kB) l : )

:3.? : TURNON3AALHAINPOWER I 2.000001 2.000001 0.280001 0.28000) 0.50000: N I -0-

)...........) :.........+.........+.........+.........+.........+ I :

I I I I I I f ) I I

I YE ) ) 194.0001 194.0001 0.009331 0.00933) 60.0000l ) )
I I I : I : I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................I

l_.3 l TURNONDATARECORDERS I 1.00000) 1.00000) O.O0000l 0.00000) 0.50000: -0 ) -0-
, - -' I.........+.........+.........+.........+.........+ I I
!......... !

I I l I l I I I I I

) YE l l 195.0001 195.0001 O.O0000l O.O0000I 30.0000l l l
I I I I I I I I I I

+
I........... +.................................... +......... +......... +......... +......... +......... +.............................

)4.1 ) RUN SYSTEHTHERMALCONTROLTO ) I0.0000)-0o ) O.14UO0)0.07000)0.500001N ) -0-

I...........IOBTAINSTEADYSTATETENPERATURE ).........+.........+.........+.........+.........+ l )

I I l I I I I I ) I
YE _ _ 205.0001 195.0001 0.023331 0.01167) 300.0001 _ )

I I I I I I I I I I
+

........... ( .................................... + ......... + ......... + ......... + ......... + ......... + ............................. ,

)4.2 l RUNEXPERINENTPROCESS I 253.000: 0.00000) 0.280001 0.28000) O.SO000)N I -0-
I---_.......I :.........+.........+.........+.........+.........+ I I

I : _ ) l l I I I )

I YE I ) 458.000) 19S.O00l1.1806711.1806717590.00l I )

: I I I I ) I I I )

I...........+....................................+.........+.........+.........+.........+.........+....+.........................:

15.0 l TURNOFF FACILITYPONERSUPPLY I 2.0000012.000001 0.000001O.OOO00I0.500001N : -0-

I...........:HAINSWITCH I.........+.........+.........+.........+.........+ : :
I I ) I I : I I : :
I NO ) I 460.000:197.00010.0000010.00000160.00001 : I

) I I I I I ) f l )

...........+....................................+.........+.........+.........+.........+.........+....+.........................)

I TOTALS )RunTime )CrewTimelEng.In :Eng.Out ) Data :

I : 460.0001197.0001 1.2180011.20167160.0000) )
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I ............................................................................................................................... [

IFacJJity:VaporCrysta|GroNthSystem Acronym:VCGS I
..... I

IStep Number: StepDescription I Step : Creu : Pouer: ThermalIData RatelVJdeol Comments I
)...........' ITJme(min)ITile(min)_(kN) I (kN) I (kbps)IKeyII II I

I Usedfor I I......... +......... +......... +......... +......... I I I
I this I ITotaI Run:Tot.CrewlEnergyInlEner. OutlTot. Oatal I :
:CarrierYINI lTime(mJn):Time(mJn):(kNHrs.)l(kNHrs)IDun.(kB): l :
! ........................ I
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ...................... t

:l.O I Groundbasedactivities. : 0.00000: O.OOO00:O.OOOOO:O.O000O)O.OOO00l-0 I -O-
,........... , : ......... +......... +......... +......... +......... + : :I I

: NO : I O.O00OOlO.O000Of O.OOO001O.O00001 O.OOO001 I :

I........... +.................................... +......... +......... +......... +......... +......... +.... +..... , ................... I
12.0 : Initial. setup : 0.000001 0.000001 O.O0000_O.OOOOOlO.O00001-0 I -0-
, I :.........+.........+.........÷.........+.........+ II---" ....... I

I NO I : O.O000O:O.O00OOlO.O0000:O.OOOO01O.OOO00: :

:........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
12.1 I Transport facility fromresuppIyI 120.000_120.0001 O.O0000:O.O000010.000001-0 I -0-
I...........fmoduleandinterfacetocarrier I.........+.........+.........+.........+.........+ I

I llocation I : : I I I :
I NO : I 120.0001 120.0001 O.OOO001O.OOOO01O.OOO00: I

l........... +.................................... +......... +......... +......... ÷......... +......... +.... +.........................
12.2 I Securefacility in place for I 30.00001 30.00001 0.000001 0.000001 0.000001-0 I -0-
:........... loperation. I..... ----+ ......... +-......... +......... +......... + I

: NO I : ISO.OOOlLSO.OOOfO.O000O:O.OOO00:O.OOO00: :

I ........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
12.3 I Verify proper connectionsand I lO.O0001lO.O000: 0.00000:0.000001 0.000001-0 I -0-
:...........Icheckforleaks. I.........+.........+.........+.........+.........+ )

: NO I : 160.000: 160.000:O.O00001 O.OOOOOlO.OOOOOl f

: ........... +.................................... ÷......... +......... ÷......... ÷......... ÷......... +.... ÷.........................

12.4 : RevJe.experimentprocedures. I 30.OO00:30.OOO0:O.UO00G:O.OOOOU:0.00000:-0 ; -O-
f...........I :.........+.........+.........+.........+.........+ I

: NO I I 190.0001190.0001O.OOO001O.O00OOlO.OOOO01 I

I........... +.................................... +......... +......... +......... +......... +......... +.... +.........................
12.5 I TurnonFESto standbyfor VCGSI 2.000001 2.000001 0.121001 0.000001 20.0000:2 I -0-
:........... Ipouerallocation. I ......... +......... +......... +......... +......... + I

: NO : 1 192.0001 192.0001 0.004031 O:O000Ol2400.001 :

:...........+....................................+.........;.........+.........+.........+.........+....+.........................
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I ................................................................................................ -' .......................... _ ....

IFacilJty:VaporCrystalGrowthSystem Acronym:VCGS

I.................................................................................................................................

IStepNumberl StepDescription : Step I Crew I PowerI Thermal:DataRate:Video: Comments

I...........I ITime(min)ITime(min))(kW) I (kW) : (kbps) :KeyI:
I ......... I:Usedfor I ,.........+.........+.........+.........+ , I

: this I )Total RunlTot. CrewlEnergyIn:Ener. OutlTot. Oatal :

ICarrier Y/NI ITime(min)ITime(min)l(kW Hrs.)l(kW Hrs)IDwn.(kB) I

12.6 : Disengagemicroscope and optical I 5.000001 5.000001 0.12100:0.000001 20.00001 2 I -0-
I ........... Ibench launch�re-entry locks. I ......... +......... +......... +......... +......... + I

I NO I I 197.000:197.000_0.01008:0.0000016000.001 :

........... ÷............................. _ ...... ÷......... +......... ÷......... ÷......... +......... ÷ .... +.........................

13.1 : RemoveExperimentHodule from : 10.0000: 10.0000: 0.12100: O.OOOO0:20.0000:2 : should be automated for:
:...........)stowage. I.........+.........+.........+.........+.........+ :ISFand man-tended

I : : I : : I : lOperation.

: YE I : 207.0001207.00010.0201710.000001 12000.01 I

I ) I I I ) I I I

I ........... +.................................... +......... +....... _'+......... +......... +......... +.... +.........................
13.2 I Insert the experimentmodu|e intol 3.000001 3.000001 0.121001 0.000001 20.00001 -0 I -0-
' ..... 'the VCGSfacility. I ......... +......... +......... +......... +......... + ]I ...... I

I I I I _ I I I I
I YE ) _ 210.000_ 2}0.000] 0.00605_ 0.00000: 3600.00_ I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... I
:3.3 I Removeprotective cover and stow.l 2.000001 2.000001 0.121001 0.00000: 20.0000:-0 : -0-
, ........., :.........+.........+.........+.........+.........+ )
I"" I

I YE ) ) 212.000:212.0001 0.00403:0.00000:2400.001 I

I........... +.................................... +......... +......... +......... +......... +......... +.... +.........................

)3.4 I Turnon masterpowerswitchon I 1.00000)1.00000)0.19600:0.19700120.0000)-0 I -0-
' ..... 'VCGSOCP. :......... +......... +......... +......... +......... + :I ...... !

I YE I I 213.0001 213.000: 0.00327: 0.00320: 1200.00: I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

13.5 I Turnon videoswitchon theFES I 1.00000]1.0000010.1%00: 0.06000: 20.0000:H_ I -0-

I...........IOCPandswitchtoVCGSposition. :.........+.........+.........+.........+.........+ I

I I I I I I I I I

) YE : : 214.0_) 214.000)0.00327)0.001001 1200.00) :

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

13.6 ) Adjustlightlevel/angle.AdjustI 13.0000113.0000)0.196001 0.06000120.00001H3 ) -0-

)...........Imicroscopefocus. Rotatefurnace ).........+.........+.........+.........+.........+ I

I Iwith knoband verify focus on seed ) : I ) ) ) :

I YE Icrystal. I 227.0001 227.0001 0.042471 0.013001 15600.01 I
I I I I I I I I I

I...........+............"7......................+.........+.........+.........+.........+.........+....+.........................



FunctionalFlow
Analysisof theCommercial

Date:03/04188 CarriersHardware Page:6-75

I..................................................................................................

IFacility:VaporCrystalGrowthSystem Acronym:VCGS
I.................................................................................................................................
l

IStepNumberl StepDescription I Step I Crew I PowerI ThermalIDataRatelVideol Comments
' ---' ITime{min):Time(min))(kW) : (kN) : {kbps) :Key1)i........ I

! ................ ! II Usedfor : ,.........+.........+.........+-- + ,
: this I ITotalRun:Tot.CrewIEnergyInlEner.Out:Tot.Datal :

:CarrierY/NI :Time(min)ITJme(min)l(kgHrs.):(kgHrs):Dwn.(kB): I

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

13.7 : Turnoff videoswitchon FES OOP.: 1.0000011.0000010.19600)0.06000120.00001-0 I -0-

I...........I I.........+.........+.........+.........+.........+ l

I YE ) : 220.000_220.00010.003271O.OOIO01 1200.00: :

) I : I I I : I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

14.01 I Turnon programmedgrowthmode I 240.000140.000010.4500010.23300120.00001H3 : -0-

I...........Iroutinevia FES OCP. :.........+.........+.........+.........+.........+ I

I YE : ) 468.000:268.0001 1.8320010.93200: 280000.: I

) I I I I I ) I I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................

14.02 I Runheatup stage. : 200.00010.00000:0.45000:0.233001 20.00001m3 I 4.02and 4.03run

:...........: :.........+.........+.........+.........+.........+ Iconcurrently.

I YE : I 668.000: 268.000_ 1.526671 0.77667_ 240000.I I

........... +.................................... +......... +......... +......... +......... +......... + ....+.........................

4.03 ) Verify crystal behavior and ) 40.00001 40.00001 0.458001 0.233001 20.00001 H3 : Crew required first S

ladjust temperaturesas necessary. I ......... +......... +......... +......... +......... + Iminutes and S minuites
I I I I l I I levery I/2hour.

YE l I 708.0001 308.0001 0.30_331 0.155331 48000.01 l
I I I I I I I I

I.................................................+.........+.........+.........+.........+.........+....+.........................

14.04 : Turnon videoswitchon FES OCP. I 8.0000010.00000:0.45800:0.23300:20.00001H3 I Scheduledas downlink

...........I :.........+.........+.........+.........+.........+ :videoisavailable.

' , : I I I I I I

' YE , : 716.0001316.000: 0.06107:0.03107:9600.00: :

' I I I I I I :I

I........... _.................................... +......... +......... +......... +......... ÷......... + ....+.........................

)4.05 ) Run initializationforprogrammedl5.00000) 5.00000)0.31900)0.17300120.0000lH3 ) -0-

)...........Igrowthmode. _.........+.........+.........+.........+.........+ I )

) YE ) ) 721.0001321.00010.0265810.0144216000.001 ) I

I I ) ) I I ) I I I

)...........+....................................+.........+.........+.........+.........+.........+....+.........................)

)4.06 ) AdJustsource temperature cyclingl 608.0001 608.0001 0.319001 0.173001 20.00001 H3 I Crewrequired S min )
' ........... 'amplitude, duration, and frequency I......... +......... +......... +......... +......... + levery hour for S hours,5 1! ¢

I Ito prevent etching. I I I I I ) ImJnevery 1/2" thereafter I
) YE i I 1329.001 929.0001 3.232531 1.753071 729600.1 Iduring 4.7 I
I I I I I I I I I I

__ I
I........... +.................................... +......... +......... +......... +......... +......... +.... +.......................
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I * ........................................ I
I......................................................................................... I

IFacility:VaporCrystalGrowthSystem Acronym:VCGS I
I................................................................................................................................. I

lStepNumberl StepDescription ) Step l Crew I PowerI ThermallDataRatelVideol Comments )
'........' ITime(iin)ITime(min):(kW) I (kW)) (kbps) IKeyII I
IUsedfor I I.........+.........+.........+.........+.........I l I
I this l ITotal RunlTot.CrewlEnergyInlEner. OutlTot. DaLai ) I
ICarrier Y/NI :Time(min)lTime(min):(kWHrs.)l(kWHrs) IDun.(kB) I : )
I I

14.07 I Runexperimentprocessto I 6999.00:0.000001 0.319001 0.146001 20.00001H3 I 4.06 and4.07 are
I........... Icomp|etion. I......... +......... +......... +......... +......... + Iconcurrent.

I YE I I 8320.001 929.0001 37.21141 17.03091.83988E71 I
I I I I I I I I l
I...........+....................................+.........+.........+.........+.........+.........+....+.........................

_4.08 I Turnonprogrammedcool-downviaI l.O0000l1.0000010.2030010.14600120.00001M3 ) -O-
f...........IFESOCP. l.........+.........+.........+.........+.........+ I

I I I I I I I I I
I YE ) : 8329.001 930.0001 0.004721 0.00243) 1200.00) I
I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................
14.09 l Adjustparametersas needed : 1000.001 10.00001 0.283001 0.137001 20.00001H3 ) Powerdecreases
)...........)duringcool-down. ).........+.........+.........+.........+.........+ :linearlyto 0.207kW
I I I I I I I I I

_: YE : I 10129.0) 940.000¢ 8.49000) 4.11000).21600E71 I
I I ) ) ) I : :

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
14.10 I Turn-offgrowthmodeviaFESOCP.I1.0000011.0000010.0000010.I0800)0.00000)H3 I -0-
)...........I :.........+.........+.........+.........+.........+ ) I

I _E ) : 10130.01941.000)0.00000)0.0018010.00000) : )
I ' ) I I I I I I ) )
)...........+....................................+.........+.........+.........+.........+.........+....+.........................I

)4.11 ) Turn-offvideoswitchonFESOCP.)1.00000:l.O00001O.O0000I0.00000)0.00000)U3 I -0-
)...........I I.........+.........+.........+.........+.........+ I
I I I I I I I I I
: YE I I 10131.01942.0001 0.000001 0.000001 0.000001 I
I I I I I I I I I
I...........+....................................+.........+.........+.........+.........+.........+....+.........................
)4.12 ) Turn-off powerswitchonVCGS. ) 1.000001 1.00000:0.132001 0.000001 O.O0000IH3 : -0-
I...........) I.........+.........+.........+.........+.........+ I
I , I I I I I I I I
: YE : I 10132.01943.000) 0.0022010.000001 0.000001 I

I...........+....................................+.........+.........+.........+.........+.........+....+.........................I
14.13 ) Turn-offpowerswitchonFESOCP.I1.0000011.0000010.0000010.0000010.000001M3 I -0-
............' ).........+.........+.........+.........+.........+ I II I

I I .I I I I I I I I
) YE ) : 10133.0)944.000)0.0000010.0000010.00000) )
) I I ) ) I I ) I (
I...........+....................................+.........+.........+.........+.........+.........+....+.........................)
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t ..............

IFaciIity:VaporOrystalGrowthSystem Acronym:VCGS ......i
I ...........................................................................................................................

iStepNumberl StepDescription I Step I Crew ) PowerI ThermalIDataRatelVideol Comments )
, - -, ITime{iin))Time(min)l(kg) I (kH) I (kbps) IKeyII I
I ......... I

) Used for I I.........+.........+.........+.........+.........I I I

l this I lTotalRunlTot.CrewlEnergyInlEner.Out)Tot.Data) l )

)CarrierY/NI fTime(min)lTime(min)l(kHHrs.)l(kgHrs)IDwn.(kB)I I l
............... I

IS.I ) Insertexperimentmoduleinto I 15.00001IS.O00010.0000010.000001-0- I -0 I -0-

I ........... Iprotective cover. I ......... +......... +......... +......... +......... + I )
I I I I I I I I I I
) SO I 1 10148.01 959.0001 0.000001 0.000001 0.000001 I I

I I I

I ........... +.................................... +......... +......... +......... +......... +......... +.... +......................... '

)5.2 : Removeexperimentmoduleand l I0.00001IO.O00010.0000010.000001-0- I-0 ) -0-

I...........Istow. I.........+.........+.........+.........+.........+ I I

I I I ) I I I I ) I

) NO ) l lOIS8.0l969.000l0.00000_0.000001 O.O0000l I )
I I I I I I I I I I
I I " I

I........... +.................................... +......... +......... +......... +......... +......... +.... +.........................

15._ l Securefacilityand equipment ) 7.0000017.0000010.000001 0.000001O.O0000I-0 ) -0-

I...........Idrawer. I.........+.........+.........+.........+.........+ I I

) NO I ) 10165.01976.00010.0000010.0000010.000001 I )
I I I I

I I I I I I | I
l ................

........... +.................................... +......... +......... +......... +......... +......... +.... +.........

: TOTALS lRunT)meICrewT_melEng.In )Eng.Out I Data l (
I

I I 10165.01 976.0001 52.7891) 24.82601 O.O0000l )

I ....................................

Video ley I:

XY _ Resolution and FrameRate as DefinedBelow

HY = High Resolution, lO00xlO00pJxe]s or greater
HY : HediumResolution, _OOx300to lO00x[O00pixe[s
LY : LowReso|ut_on, 150x150to 300x_O0pixels

Xl : FrameRateof I or lessFPS

X2 : FrameRateof I to30 FPS

X3 : FrameRateof 30 to 60 FPS

X4 : FrameRateof60 to ISOFPS

XS : FrameRateof ISO to300 FPS
X6 = FrameRateof 300 to 500FPS

X7 : FrameRateof 500 to moo0FPS

XO : FrameRateof I000to I0+5FPS

X9 = FrameRateof GreaterthanI0+5FPS
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2.2 EXPERIMENTAL FACILITY USER REOUIREMENTS

The user requirements were developed based on the 65 experiments/facilities in the

RACO data base. Requirements Synopsis Sheets were completed for each experiment/

facility. The data from each sheet were entered into a spreadsheet program and bar charts

for each requirement were developed. From these bar charts a summary sheet was

developed. The summary sheet, bar charts, and requirements synopsis sheets are given in

the following section.
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REQUIREMENT SYNOPSIS SHEETS

Requirement Synopsis Sheets were developed for each of the 65 facilities in the

RACO data base. These sheets were used to summarize user requirements for data, video,

vacuum/vent, thermal/power, physical, crew, consumables, and microgravity level. The

values for these requirements were taken from published documents or through contacts

with the representative project managers and PIs. In cases where data were proprietary or

otherwise unavailable, best estimates were developed on the basis of discussions with

scientists conducting similar experimentation in ground-based labs.

The data requirements section focused on the downlink data required. Minimum

experimental data were taken to be the minimum acceptable data link to permit process

adjustments during and/or between runs. This level assumes on-board processing and data

compression techniques. The video requirements were listed along with a percentage-to-

ground requirement. This percentage was used to reduce the total video data rate to the rate

desired for downlink. The video rate does not account for data compression techniques

and/or other methods of lowering the data rate. Many facilities listed in the RACO data

base do not require video downlink due to the use of film and on-board storage techniques

in the hardware as currently configured. However, many PIs have expressed the desire to

modify hardware for downlink of video on carder missions of longer duration than the

Shuttle's 7-day capability.

The vacuum requirements were given by the volume of gas to be vented (cubic feet at

STP), longest time period allowable to achieve the venting, and the ultimate pressure

required to conduct the experiment.

The thermal/power requirements consisted of the total peak power (both ac and dc)

and total average power for each run. These power levels were taken from the power

usage during previous missions for hardware that has flown, while worst-case power

levels based on preliminary designs were determined for that hardware that has not flown.

It should be noted that for hardware that has flown, power requirements are lower than the

hardware's design capability. The run lengths included in this section were based on

average run times per sample for similar ground-based experiments.

The physical requirements considered the payload's capability to be passed through a •

52-in. hatch with corners rounded to a 12-in. radius. Comments concerning the payload's

current configuration and necessary modifications for pressurized volume operation were

included. Additionally, payload mass and volume were listed in pounds and cubic feet,

respectively.
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Eachfacility wasanalyzedto determinetheminimumrequiredcrewandwhetheror

not the hardware could be operated in a man-tended environment. If the facility could not

be operated in the absence of crew, modifications such as addition of sample exchange

mechanism, addition of programmable control, etc. were listed.

The consumables of each facility were listed by mass and volume for each material.

All volumes for gases were at standard temperature and pressure. No volume nor mass for

containers was included in the total.

The microgravity level was listed for each facility. This is the maximum steady-state

g-level the process should encounter during operation.



EXPERIMENT NAME: Acoustic Containerless Exp

DATA:

Minimum Experimental Data (bits/sec): 2,000

Video Requirements

Resolution (lines): 525

Frame Rate (fps): 10

Percent to the ground: 0/Stored

X 525

VACUUM:

Standard Cubic Feet: 0

Longest Duration to Vent (hr): 0

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.20

0.16

2

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

This facility is designed for an EAC.

Y

Payload Mass (Ib): 235

Payload Volume (cubic ft): 4.5

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0

Volume (cubic ft): 0

MICROGRAVITY: 1E-6



EXPERIMENT NAME: Acoustic Levitator Furnace (ALF)

DATA:

Minimum Experimental Data (bits/sec): 32

Video Requirements
Resolution (lines): 240
Frame Rate (fps): 30
Percent to the ground: 90%

X 520

VACUUM:
Standard Cubic Feet: 1.305

Longest Duration to Vent (hr): 4.1

Vent Pressure (torr): 1E-5

THERMAL POWER:
Peak (kW): 1.54

Average (kW): 0.7
Run Length (hr): 2.62

Physical:
Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Designed to occupy a portionof a Spacelab single rack.

Y

Payload Mass (Ib): 100.31

Payload Volume (cubic ft): 5.023

CREW:

Can the experiment be run without crew? (Y/N): N

If not, then how could it be modified to run?:

Add sample changeout mechanism. Add additional process gas capacity.

CONSUMABLES (give for each item):

Mass (Ib): Sample: 0.016 Ibm/run; Kryton Gas: 0.95 Ib/run; Dry Air: 0.01

Volume (cubic ft): Sample: 0.00001/run; Kryton Gas: 0.022/run; Dry Air: 0.00066/run

MICROGRAVITY: 1E-4



EXPERIMENT NAME: AADSF

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

400,00

None

X

VACUUM:

Standard Cubic Feet: 1.55

Longest Duration to Vent (hr): 72

Vent Pressure (torr): 1E-5

THERMAL. POWER:

Peak (kW): 1.0

Average (kW): 0.5

Run Length (hr): 336

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Must be reconfigured from EAC to fit in standard rack.

Y

Payload Mass (Ib): 16.5

Payload Volume (cubic ft): 3.1

CREW:

Can the experiment be run without crew? (Y/N): Y

If not, then how could it be modified to run?:

Can add carousel for more runs, but furnace is fully automatic for 1 sample as is.

CONSUMABLES (give for each item):

Mass (Ib): 12.0 °

Volume (cubic ft): 0.21"

MICROGRAVITY: 1E-5

*Estimated



EXPERIMENT NAME: ADSF

DATA:

Minimum Experimental Data (bitslsec): 22.0

Video Requirements None

Resolutlon (lines): N/A

Frame Rate (fps): N/A

Percent to the ground: N/A

X N/A

VACUUM:

Standard Cubic Fee.t: 5.25

Longest Duration to Vent (hr): 72

Vent Pressure (torr): 10-3

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.260

0.150

336

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Must be reconfigured from EAC to standard rack.

Y

Payload Mass (Ib): 170

Payload Volume (cubic ft): 6.04

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 12.0"

Volume (cubic ft): 0.2*

MICROGRAVITY:

*Estimated



EXPERIMENT NAME: Bubble Behavior Unit

DATA:

Minimum Experimental Data (bits/sec): 32

Video Requirements
Resolution (lines): 240
Frame Rate (fps): 30
Percent to the ground: 0/Stored

X 520

VACUUM:
Standard Cubic Feet: N/A

Longest Duration to Vent (hr): N/A

Vent Pressure (torr): None

THERMAL POWER:
Peak (kW): 0.4

Average (kW): 0.4

Run Length (hr): 2

Physical:
Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Fits in Spacelab.

Y

Payload Mass (Ib): 40

Payload Volume (cubic ft): 3.1

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Sample changeout handled by carousel and TV focusing.

N

CONSUMABLES (give for each item):

Mass (Ib): 1

Volume (cubic ft): 0.2

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Chemical Vapor Transport

DATA:

Minimum Experimental Data (bits/sec): 1,000"

Video Requirements
Resolution (lines): 1,025"
Frame Rate (fps): 10"
Percent to the ground: 0/Stored

X 1,025*

VACUUM:

Standard Cubic Feet: 0

Longest Duration to Vent (hr): 0

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.350

Average (kW): 0.300

Run Length (hr): 72

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 440

Payload Volume (cubic ft): 41

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Needs sample translator adjustor mechanism.

N

CONSUMABLES (give for each item):

Mass (Ib): 0

Volume (cubic ft): 0

MICROGRAVITY: IE-5

*Estimated



EXPERIMENT NAME: Continuous Heating Furnace (CHF)

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

64

None

X

VACUUM:

Standard Cubic Feet: 5.88

Longest Duration to Vent (hr): 72

Vent Pressure (tort): 1E-5

THERMAL POWER:

Peak (kW): 1.4

Average (kW): 0.370

Run Length (hr): 4.28

Physical:

Can the facllity pass through the Space Station hatch? (Y/N):

Comment:

None

Y

Payload Mass (Ib):

Payload Volume (cubic ft):

198.42

5.877

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 19.56"

Volume (cubic ft): 0.23*

MICROGRAVITY:

*Estimated



EXPERIMENT NAME: Continuous Flow Electrophoresis System

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

300

190 X

30

100% (0.5 hr/day)

190

VACUUM:

Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

O.O036/sec (0.002 Ib/sec)

Continuous

620

THERMAL POWER:

Peak (kW): 0.68

Average (kW): 0.55

Run Length (hr): 160

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Requires one SS double and one single rack.

Y

Payload Mass (Ib): 1,638

Payload Volume (cubic ft): 81

CREW:

Can the experiment be run without crew? (Y/N): N

If not, then how could it be modified to run?:

Replace manual valves and switches with automatic systems.

CONSUMABLES (give for each item):

Mass (Ib): 1,000

Volume (cubic ft): 60

MICR(_GRAVITY: 1E-4



EXPERIMENT NAME: Critical Fluid Scattering Exp

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

200*

None
X

VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr): None

Vent Pressure (torr): None

THERMAL POWER:
Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.750*

0.750*

8

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 100

Payload Volume (cubic ft): 4.0

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 1"

Volume (cubic if): 0.02*

MICROGRAVITY: 1E-3

*Estimated



EXPERIMENT NAME: Diffusive Mixing or Organic Solutions (DMOS)

DATA:

Minimum Experimental Data (bite/sec): 2,500

Video Requirements
Resolution (lines): N/A
Frame Rate (fps): N/A
Percent to the ground: 80%

X N/A

VACUUM:

Standard Cubic Feet: 0.5295

Longest Duration to Vent (hr): 1.0

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 0.130

Average (kW): 0.100

Run Length (hr): 168-1200

Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

Comment:

The diffusive mixing of organic solution is operated in an experiment apparatus container (EAC).
The experiment can be configured with one EAC or multiple EACs, based on the space available in
a middeck locker.

Payload Mass (Ib):

Payload Volume (cubic ft):

188 (2 modules, 376)

2.01 (2 modules, 4.02)

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0.16402

Volume (cubic ft): 1.06

MICROGRAVITY: 1E-6



EXPERIMENT NAME: Directional Solidification Furnace

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

None
X

VACUUM:

Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

THERMAL POWER:

Peak (kW): 7.0

Average (kW): 1.4

Run Length (hr): 672*

Physical:

Can the faci!ity pass through the Space Station hatch? (Y/N):

Comment:

Furnace will not fit through hatch.

N

Payload Mass (Ib): 1,200"

Payload Volume (cubic ft): 82*

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib):

Volume (cubic ft):

MICROGRAVITY:

*Estimated



o

EXPERIMENT NAME: Drop Dynamics Module

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

1,000"

Standard

O/Stored

X Shuttle Capability

VACUUM:

Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.550

0.500

48

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 792

Payload Volume (cubic ft): 41.5

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Build in video.

N

.CONSUMABLES (give for each item):

Mass (Ib):

Volume (cubic ft):

MICROGRAVITY: 1E-6



EXPERIMENT NAME: Droplet Combustion Experiment (DCE)

DATA:

Minimum Experimental Data (bitslsec): 100

Video Requirements

Resolution (llnes): 1,000

Frame Rate (fps): 400

Percent to the ground: 20

X 1,000

VACUUM:

Standard Cubic Feet: 2

Longest Duration to Vent (hr): 24

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 72

Average (kW): 72

Run Length (hr): 1

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 151.8

Payload Volume (cubic ft): 6

CREW:

Can the experiment be run without crew? (Y/N): N

If not, then how could it be modified to run?:

The current DCE does not have sample changeout capabilities. Currently exps are run by crew injecting
fuel runs last only 10 to 15 sec and only 10 run available cleaning.

CONSUMABLES (give for each item):

Mass (Ib): Fuel: 0.13;O2: 0.033;N2:0.115

Volume (cubic ft): Fuel: 0.0028; 02: 0.002; N2:0.009

MICROGRAVITY: 1E-4



EXPERIMENT "NAME: Droplet Technology Demonstration (DTD)

DATA:

Minimum Experimental Data (bits/sec): 1,000

Video Requirements

Resolution (lines): 1,000

Frame Rate (fps): 400

Percent to the ground: 20

X 1,000

VACUUM:

Standard Cubic Feet: 20

Longest Duration to Vent (hr): 24

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 500

Average (kW): 250

Run Length (hr): 1

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 161.04

Payload Volume (cubic ft): 8

CREW:

Can the experiment be run without crew? (Y/N): N

If not, then how could it be modified to run?:

Requires intensive crew interaction for cleanup between runs - one run lasts less than 1 rain.

CONSUMABLES (give for each item):

Mass (Ib): Fuel: 0.825; 02: 1.33; N2:2.15

Volume (cubic ft): Fuel: 0.014; 02: 0.02; N2:0.09

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Electroepitaxial Crystal Growth

DATA:
Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

2,000

None
X

VACUUM:

Standard Cubic Feet: 3

Longest Duration to Vent (hr): 1,152

Vent Pressure (torr): 600*

THERMAL POWER:

Peak (kW): 6

Average (kW): 6

Run Length (hr): 1,680

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 4,103

Payload Volume (cubic ft): 124.6

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): GH2

Volume (cubic ft): 3

MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: • Electrodeposition (EDEP)

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

0.38

None

X

VACUUM:

Standard Cubic Feet: N/A

Longest Duration to Vent (hr): N/A

Vent Pressure (torr): N/A

THERMAL POWER:

Peak (kW): 0.14

Average (kW): 0.02

Run Length (hr): 960

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 132.28

Payload Volume (cubic ft): 7.063

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 6.6

Volume (cubic ft): 7.1

MICROGRAVITY: 1E-6



EXPERIMENT NAME: Electromagnetic Levitator

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

Storedonorbit

FilmCamera
X

0/stored

VACUUM:
Standard Cubic Feet: <1

Longest Duration to Vent (hr): 720

Vent Pressure (torr): 1E-7

THERMAL POWER:
Peak (kW): 1.204

Average (kW): 0.5

Run Length (hr): 48

Physical:
Can the facility pass through the SpaceStation hatch? (Y/N):
Comment:
Designedfor EAC on MSL and is not qualified for manned environment.

Y

Payload Mass (Ib): 92.4

Payload Volume (cubic ft): 2.1

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0

Volume (cubic ft): 0

MICROGRAVITY: 1E-6



EXPERIMENT NAME: Electrophoresis Operating System

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

5,000
None

X

VACUUM:
Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

0.054/sec (0.0027 Ib/sec)

Continuous

620

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

3.5 rain; 5.6 desired

3.5 rain; 5.6 desired

4,320 (180 days)

Can the facility pass through the Space Station hatch? (Y/N): N

Comment:
EOS is a self-contained module that needs to be docked to CDSFo Alternative would be to
assemble EOS hardware in CDSF on the ground as fixed part of module. Sterilization and resupply
module would need to be docked to CDSF in this configuration.

Payload Mass (Ib):

Payload Volume (cubic ft):

24,600

1,767

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 24,600

Volume (cubic ft): 1,767

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Float Zone Crystal Growth Facility

DATA:

Minimum Experimental Data (bitslsec): 1,500

Video Requirements

Resolution (lines): N/A

Frame Rate (fps):

Percent to the ground: 60%

X N/A

VACUUM:

Standard Cubic Feet: 1.059"

Longest Duration to Vent (hr): 24.0*

Vent Pressure (torr): IE-3

THERMAL POWER:

Peak (kW): 5

Average (kW): 2.5

Run Length (hr): 48-1200

Physical:

Can the facility pass through the Space Statlon hatch? (Y/N): Y

Comment:

In the proof of concept mode this experiment can be mounted in a middeck locker. It is housed in
an EAC.

Payload Mass (Ib): 295

Payload Volume (cubic ft): 6.53

CREW:

Can the experiment be run without crew? (Y/N): Y

If not, then how could it be modified to run?:

In the proof of concept phase sample(s) diameter and length will not experience extensive necking and
breakage.

CONSUMABLES (give for each item):

Mass (Ib): 0.095; Argon 0.055; Air 0.04

Volume (cubic ft): 28/28.32/200 = 0.00494; Argon 396.48

MICROGRAVITY: 1E-6



EXPERIMENT NAME: Fluids Experiment Apparatus (FEA)

DATA:

Minimum Experimental Data (bitslsec): 100

Vldeo Requirements

Resolution (lines): 250

Frame Rate (fps): 0.02

Percent to the ground: I0

X 250

VACUUM:

Standard Cubic Feet: None

Longest Duration to Vent (hr): None

Vent Pressure (torr): 0

THERMAL POWER:

Peak (kW): 200

Average (kW): 50

Run Length (hr): 72

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 79.2

Payload Volume (cubic ft): 3

CREW:

Can the experlment be run without crew? (Y/N): N

If not, then how could it be modified to run?:

Crew required for sample changeout. More expensive to rood for auto change than facility cost to build,

CONSUMABLES (give for each item):

Mass (Ib): Sample: 0.125

Volume (cubic ft): Sample: 0,002

MICROGRAVITY: 1E-5



EXPERIMENT NAME: Fluids Experiment System

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

20,000

625

3O

3%

X 625

VACUUM:

Standard Cubic Feet: 0.001

Longest Duration to Vent (hr): 1

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 1.484

Average (kW): 0,980

Run Length (hr): 72

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Designed for Spacelab double rack.

Y

Payload Mass (ib): 1,084_6

Payload Volume (cubic ft): 41

CREW:

Can the experiment be run without crew? (Y/N):

if not, then how could it be modified to run?:

Robotics transfer of test cell from warm up to optical bench.

N

CONSUMABLES (give for each item):

Mass (Ib): 0

Volume (cubic ft): 0

MICROGRAVITY: 1E-6



EXPERIMENT NAME: Gas-Jet Diffusion Flames Experiment (GDFE)

DATA:

Minimum Experimental Data (bits/sec): 100

Video Requirements
Resolution (lines): 1,000
Frame Rate (fps): 400
Percent to the ground: 20

X 1,000

VACUUM:
Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

5

1/60(Note: This is a flowing exp. Therefore, min = mout.)

1

THERMAL POWER:

Peak (kW): 150

Average (kW): 150

Run Length (hr): 1

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 100

Payload Volume (cubic ft): 4

CREW:

Can the experiment be run without crew? (Y/N): N

If not, then how could it be modified to run?:

Facilityrequires crew to clean between runs. This is laborious and runs only last a few hoursat the most.

CONSUMABLES (give for each item):

Mass (Ib): Fuel (GH2): 1.1; GO: 4.5; GN2:0.44

Volume (cubic ft): Fuel (GH2): 1.1, GO: 0.271; GN2:0.031

MICROGRAVITY: 1E-5



EXPERIMENT NAME: GFGAS

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

0

None

X

VACUUM:

Standard Cubic Feet: 5.2*

Longest Duration to Vent (hr): 72

Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.600*

0.200"

336

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Must be reconfigured from EAC to standard rack.

Y

Payload Mass (Ib): 180

Payload Volume (cubic ft): 5

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0

Volume (cubic ft): 0

MICROGRAVITY: 4

*Estimated



EXPERIMENT NAME; Gradient-General Purpose Rocket Furnace (G-GPRF)

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

64*

None
X

VACUUM:

Standard Cubic Feet: 5.3

Longest Duration to Vent (hr): 72

Vent Pressure (torr): 10-3

THERMAL POWER:

Peak (kW): 1.600

Average (kW): 1.000

Run Length (hr): 336

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Was designed for MSL, may need to be repackaged.

Y

Payload Mass (Ib): 145

Payload Volume (cubic ft): 3

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 13.5

Volume (cubic ft): 0.2

MICROGRAVITY: 4

*Estimated



EXPERIMENT NAME: Gradient Heating Furnace (GHF)

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

32*

None

X

VACUUM:

Standard Cubic Feet: 5.1

Longest Duration to Vent (hr): 72

Vent Pressure (tort): 10-3

THERMAL POWER:

Peak (kW): 1.080

Average (kW): 0.450

Run Length (hr): 15.43

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

None

Y

Payload Mass (Ib): 144.4

Payload Volume (cubic ft): 3.524

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 12.0"

Volume (cubic ft): 0.21"

MICROGRAVITY:

*Estimated



EXPERIMENT NAME: High Temp Acoustic Lev

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

3,000

Desired for advanced hardware
TBD X TBD

TB D

TB D

VACUUM:

Standard Cubic Feet: 3.2

Longest Duration to Vent (hr): 48

Vent Pressure (tort): 1E-3

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

2.88

1

1 per sample max; 96 automated

Y

Payload Mass (Ib): 649

Payload Volume (cubic ft): 41

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): GN2

Volume (cubic ft): 3.2

MICROGRAVITY: 1E-6



EXPERIMENT NAME: Image Furnace (IMF)

DATA:

Minimum Experimental Data (bits/sec): 32

Video Requirements
Resolution (lines): 240
Frame Rate (fps): 30
Percent to the ground: 90%

X 520

VACUUM:
Standard Cubic Feet: 21.93

Longest Duration to Vent (hr): 6.9

Vent Pressure (torr): 1E-5

THERMAL POWER:
Peak (kW): 0.97

Average (kW): 0.70

Run Length (hr): 7.67

Physical:
Can the facility pass through the SpaceStation hatch? (Y/N):
Comment:
DesignedtooccupyaportionofaSpacelabsinglerack.

Y

Payload Mass (Ib): 271.17

Payload Volume (cubic ft): 9.547

CREW:

Can the experimentbe run without crew? (Y/N): N
If not, then how could it be modified to run?:

Addautomatedsamplechangeoutmechanism.Addadditionalprocessgascapacity.

CONSUMABLES (give for each item):

Mass (Ib): Sample: 0.9/run; Argon Gas: 2.443/run; Dry Air: 0.05/run

Volume (cubic ft): Sample: 0.00166/run; Argon Gas: 0.12/run; Dry Air: 0.0033/run

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Initial Blood Storage Experiment

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

None

None
X

VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr):

Vent Pressure (torr): None

THERMAL POWER:
Peak (kW):

Average (kW):

Run Length (hr):

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:
FitsinanSTSmiddecklocker.

0.125

0.125

720(refrigeratedblooddeterioratesrapidlyafter30days)

¥

PayloadMass (Ib): 103

PayloadVolume (cubic ft): 1.14

CREW:

Can the experimentbe run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 3.25

Volume (cubic ft): 0.05

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Isoelectric Focusing Facility

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

None

None
X

VACUUM:

Standard Cubic Feet: None

Longest Duration to Vent (hr):

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.28

0.20

1.5

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Fits in an STS middeck EAC.

Y

Payload Mass (Ib): 76.5

Payload Volume (cubic ft): 2.08

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Automate cooling system; automate on-off switches, control.

N

CONSUMABLES (give for each item):

Mass (Ib): 100

Volume (cubic ft): 4.02

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Isothermal Dendritic Growth Experiment

DATA:

Minimum Experimental Data (bits/sec): 1,500

Video Requirements

Resolution (lines): 525

Frame Rate (fps): 60

Percent to the ground: 80%

X 525

VACUUM:

Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

THERMAL POWER:

Peak (kW): 0.160*

Average (kW): 0.100"

Run Length (hr): 24-168"

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Experiment will require three middeck lockers or equivalent volume.

Y

Payload Mass (Ib): 200*

Payload Volume (cubic ft): 4.02*

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0.04*

Volume (cubic ft): 396.48*; 14/28.32/200"; 0.004*

MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Isothermal-General Purpose Rocket Furnace

DATA:

Minimum Experimental Data (bits/sec):

Video. Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

64*

None
X

VACUUM:

Standard Cubic Feet: 5.3

Longest Duration to Vent (hr): 72

Vent Pressure (torr): 10-3

THERMAL POWER:

Peak (kW): 1.600

Average (kW): 1.000

Run Length (hr): 336

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Must be reconfigured from EAC to standard rack.

Y

Payload Mass (Ib): 1,451

Payload Volume (cubic ft): 3

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 13.5"

Volume (cubic ft): 0.20*

MICROGRAVITY:

*Estimated



EXPERIMENT NAME: Isothermal Heating Furnace

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

32

None
X

VACUUM:

Standard Cubic Feet: 6.2

Longest Duration to Vent (hr): 72

Vent Pressure (torr): 10-5

THERMAL POWER:

Peak (kW): 1.000

Average (kW): 0.500

Run Length (hr): 336

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

None

Y

Payload Mass (Ib): 550*

Payload Volume (cubic ft): 41"

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 14.0"

Volume (cubic ft): 0.22*

MICROGRAVITY: 4

*Estimated



EXPERIMENT NAME: Lambdu Point

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

5,000

Desired for advanced hardware
TBD X TBD

TBD

TBD

VACUUM:

Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

12,345.0"

2,160

1E-7

THERMAL POWER:

Peak (kW): 0.5

Average (kW): 0.45

Run Length (hr): 1,680

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Cryogenic dewars are not safety qualified.

Y

Payload Mass (Ib): 880

Payload Volume (cubic ft): 41

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 28* LN2; 140" LHe

Volume (cubic ft): 3.53* LN2, 17.65" LHe

MICROGRAVITY: 1E-6 or better

*Estimated



EXPERIMENT NAME: Large Isothermal Furnace (LIF)

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

24*

None
X

VACUUM:

Standard Cubic Feet: 8.3

Longest Duration to Vent (hr): 72

Vent Pressure (torr): 10-5

THERMAL POWER:

Peak (kW): 0.975

Average (kW): 0.360

Run Length (hr): 11.93

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

None

Y

Payload Mass (Ib): 72.75

Payload Volume (cubic ft): 1.678

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 12.0"

Volume (cubic ft): 0.21"

MICROGRAVITY: 5

*Estimated



EXPERIMENT NAME: Liquid Drop Experiment Facility (LDF)

DATA:

Minimum Experimental Data (bits/sec): 3,000

Video Requirements

Resolution (lines): 1,000

Frame Rate (fps): 1

Percent to the ground: 10

X 1,000

VACUUM:

Standard Cubic Feet: 0.039

Longest Duration to Vent (hr): 24

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.338

0.312

1

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 132

Payload Volume (cubic ft): 4

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Sample is manually injected. Could be modified.

N

CONSUMABLES (give for each item):

Mass (Ib): Oil 0.243; GN2 0.0012

Volume (cubic ft): Oil 0.3115; GN2 0.0167

MICROGRAVITY: 1E-5



EXPERIMENT NAME: Low Temp Gradient Heating FUrnace

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

48

None
X

VACUUM:

Standard Cubic Feet: 4.2

Longest Duration to Vent (hr): 72

Vent Pressure (torr): 10-3

THERMAL POWER:

Peak (kW): 0.700

Average (kW): 0.360

Run Length (hr): 672*

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

None

Y

Payload Mass (Ib): 100

Payload Volume (cubic ft): 3.1

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 8.0"

Volume (cubic It): 0.19"

MICROGRAVITY: 4

*Estimated



EXPERIMENT NAME: Magnetic Isolation System

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

15"

None
X

VACUUM:

Standard Cubic Feet: None

Longest Duration to Vent (hr): None

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.140

0.140

336

Can the facility pass through the Space Station hatch? (Y/N):

Comment:
Fits in middeck locker.

Y

Payload Mass (Ib): 80

Payload Volume (cubic ft): 2.01

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

N

CONSUMABLES (give for each item):

Mass (Ib):

Volume (cubic ft):

MICROGRAVITY: N/A



o

EXPERIMENT NAME: Margoni Convection

DATA:

Minimum Experimental Data (bits/sec): 32

Video Requirements

Resolution (lines): 240

Frame Rate (fps): 30

Percent to the ground: 100% video

X 520

VACUUM:

Standard Cubic Feet: None

Longest Duration to Vent (hr): None

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.5

Average (kW): 0.42

Run Length (hr):

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Fits in Spacelab

Y

Payload Mass (Ib): 35

Payload Volume (cubic ft): 3.1

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Sample changeout on carousel.

N

CONSUMABLES (give for each item):

Mass (Ib): 1

Volume (cubic ft): 0.2

MICROGRAVITY: 1Eo4



EXPERIMENT NAME: Mechanics of Granular Materials (MGM)

DATA:

Minimum Experimental Data (bits/sec): 2,500

Video Requirements

Resolution (lines): 525

Frame Rate (fps): 1/60

Percent to the ground: 80%

X 525

VACUUM:

Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.500*

0.300"

24-168*

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 200*

Payload Volume (cubic ft): 4.02*

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0.02*

Volume (cubic ft): 0.00123*

MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Mephisto

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

1,200
None

X

VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr): 24

Vent Pressure (torr): None

THERMAL POWER:
Peak (kW): 0.400

Average (kW): 0.25

Run Length (hr): 165

Physical:
Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Designed for an EAC.

Y

Payload Mass (Ib): 200

Payload Volume (cubic ft): 3.1

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Crew required for sample changeout.

Y

CONSUMABLES (give for each item):

Mass (Ib): 0.01

Volume (cubic ft): 0.01

MICROGRAVITY: 1E-5



EXPERIMENT NAME: Mirror Furnace (MHF)

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

48*

None
X

VACUUM:
Standard Cubic Feet: 7.4

Longest Duration to Vent (hr): 72

Vent Pressure (torr): 10-5

THERMAL POWER:
Peak (kW):

Average (kW):

Run Length (hr):

Physical:

1.200

0.400

336

Can the facility pass through the Space Station hatch? (Y/N):

Comment:
None

Y

Payload Mass (Ib): 330*

Payload Volume (cubic ft): 18.8"

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 9.0"

Volume (cubic ft): 0.12"

MICROGRAVITY: 4

*Estimated



EXPERIMENT NAME: MEL

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

16,000

280

5

5

X 520

VACUUM:

Standard Cubic Feet: 4

Longest Duration to Vent (hr): 24

Vent Pressure (torr): 1E-7

THERMAL POWER:

Peak (kW): 3.970

Average (kW): 1.525

Run Length (hr): 144

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 770

Payload Volume (cubic ft): 41

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0.32

Volume (cubic ft): 0.002

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Monodisperse Latex Reactor System

DATA:

Minimum Experimental Data (bits/sec): 400

Video Requirements

Resolution (lines): 240

Frame Rate (fps):

Percent to the ground: 60%

X 240

VACUUM:

Standard Cubic Feet: 0.1765"

Longest Duration to Vent (hr): 4*

Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW): 0.7

Average (kW): 0.35

Run Length (hr): 20-80

Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

Comment:

Configuration for this experiment can range from a single rack to three middeck lockers or the
equivalent side by side with support electronics, the reactors are contained in an EAC.

Payload Mass (Ib): 198.4

Payload Volume (cubic ft): 6.03

CREW:

Can the experiment be run without crew? (Y/N): Y

If not, then how could it be modified to run?:

Some automated method must be implemented that would allow for a sample of the material to be taken
and viewed under magnification and transmitted to the ground to determine if the run is successful.

CONSUMABLES (give for each item):

Mass (Ib): 0.04

Volume (cubic It): 396.48

MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Moving Wall Electrophoresis Unit

DATA:

Minimum Experimental Data (bits/sec): 300

Video Requirements
Resolution (lines): 190 X
Frame Rate (fps): 30
Percent to the ground: 100%(0.5hr/day)

190

VACUUM:
Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

0.0036/sec(0.0002Ib/sec)

Continuous

620

THERMAL POWER:
Peak (kW): 1.0

Average (kW): 0.88

Run Length (hr): 160

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y

Comment:

Hardware is in concept phase and could be configuredto fit in a standard SS rack.

Payload Mass (Ib): 556

Payload Volume (cubic ft): 27

CREW:

Can the experiment be run without crew? (Y/N): Y

If not, then how could it be modified to run?:

Initiallyconceived for Spacelab but pumps and valves could be automated.

CONSUMABLES (give for each item):

Mass (Ib): 556

Volume (cubic ft): 27

MICROGRAVITY: 1E-4



EXPERIMENT NAME: MEPF

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

48-200*

None
X

VACUUM:
Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

72

10-5

THERMAL POWER:

Peak (kW): 1.300

Average (kW): 1.000

Run Length (hr): 240

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Must be reconfigured from EAC to standard rack.

Y

Payload Mass (Ib): 250

Payload Volume (cubic ft): 41

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 12.0"

Volume (cubic ft): 0.2*

MICROGRAVITY:

*Estimated



EXPERIMENT NAME: Non-Linear Optical Monomers and Thin Films (NLOMTF)

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

0.59

None
X

VACUUM:

Standard Cubic Feet: 1.01

Longest Duration to Vent (hr): 5*

Vent Pressure (torr): 0.25

THERMAL POWER:

Peak (kW): 0.14

Average (kW): 0.14

Run Length (hr): 720

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 209.44

Payload Volume (cubic ft): 9.711

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 10.5

Volume (cubic ft): 0.48

MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Non-Linear Optical Organic Crystals (NLOOC)

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

0.59

None

X

VACUUM:

Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

N/A

N/A

N/A

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.128

0.096

720

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 119.05

Payload Volume (cubic ft): 7.063

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 6.6*

Volume (cubic ft): 7.1"

MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Normal Freezing Furnace

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

144*

None
X

VACUUM:

Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

72

10-3

THERMAL POWER:

Peak (kW): 1.000

Average (kW): 0.650

Run Length (hr): 504*

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

None

Y

Payload Mass (Ib): 150

Payload Volume (cubic ft): 4

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 13.39"

Volume (cubic ft): 0.22*

MICROGRAVITY: 5

*Estimated



EXPERIMENT NAME: Organic &Polymer Crystal Growth Experimentation (OPCGE)

DATA:

Minimum Experimental Data (bits/sec): 2,500

Video Requirements

Resolution (lines): N/A

Frame Rate (fps): N/A

Percent to the ground: 80%

X N/A

VACUUM:

Standard Cubic Feet: 7.972"

Longest Duration to Vent (hr): 1.5"

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 0.250

Average (kW): 0.150

Run Length (hr): 168-1200

Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

Comment:

This experiment consists of three unique experiments, diffusive mixing, physical vapor, and a
melt/growth (solidification)process. The DMOS and PVTOS experiments are housed in EACs that
are rack mountable.

Payload Mass (Ib):

Payload Volume (cubic ft):

1,089.00

17.08

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0.328

Volume (cubic ft): 2.12

MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Organic Separations (ORSEP)

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

0.011

None
X

VACUUM:

Standard Cubic Feet: N/A

Longest Duration to Vent (hr): N/A

Vent Pressure (torr): N/A

THERMAL POWER:

Peak (kW): 0.02

Average (kW): 0.02

Run Length (hr): 960

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 132.3

Payload Volume (cubic ft): 7.946

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 6.6*

Volume (cubic ft): 7.1"

MICROGRAVITY: 1E-4

*Estimated



EXPERIMENT NAME" Particle Cloud Combustion Exp. (PCCE)

DATA:

Minimum Experimental Data (bits/sec): 1,000

Video Requirements

Resolution (lines): 1,000

Frame Rate (fps): 400

Percent to the ground: 10

X 1,000

VACUUM:

Standard Cubic Feet: 0.2

Longest Duration to Vent (hr): 1/60

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

150

75

1

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 149.6

Payload Volume (cubic ft): 8

CREW:

Can the experiment be run without crew? (Y/N): N

If not, then how could it be modified to run?:

The current facility must be cleaned after ,=5 runs. Each run is = 15 to 20 min in duration.

CONSUMABLES (give for each item):

Mass (Ib): Fuel 0.17; 02 0.3;3; GN2 2015

Volume (cubic ft): Fuel 0.0028; 02 0.02, GN2 0.09

MICROGRAVITY: 1E-5



EXPERIMENT NAME: Phase Partitioning Experiment

DATA:
Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

None

None
X

VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr):

Vent Pressure (torr): None

THERMAL POWER:
Peak (kW):

Average (kW):
Run Length (hr): 2

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:
FitsinanSTSmiddecklocker.

None(willrequiresmallamountofpowerifautomated)

Y

Payload Mass (Ib):

Payload Volume (cubic ft):

11.5(includesstillcamera)

2.0(volumeaccommodatescamera)

CREW:

Can the experiment be run without crew? (Y/N): Y

If not, then how could it be modified to run?:
Mountchambersinavibration-generatingdevice,useautomaticcamerasystemfor photography.

CONSUMABLES (give for each item):

Mass (Ib): 4.0

Volume (cubic ft): 2.00

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Physical Vapor Transport of Organic Solutions (PVTOS)

DATA:

Minimum Experimental Data (bitslsec): 2500

Video Requirements

Resolution (llnes): N/A

Frame Rate (fps): N/A

Percent to the ground: 80%

X N/A

VACUUM:

Standard Cubic Feet: 0.5295*

Longest Duration to Vent (hr): 1.0"

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hr):

Physical:

0.190

0.125

16-96

Can the facility pass through the Space Station hatch? (Y/N): Y

Comment:

PVTOS is accommodated by an experiment apparatus container (EAC). The experiment can exist
in a configurationof one EAC or multiple EACs accordingto the space available. The EACs will fit in
a middeck locker and the support equipment also.

Payload Mass (Ib): 418.00

Payload Volume (cubic ft): 6.53

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0.16402

Volume (cubic ft): 1.06

MICROGRAVITY: 1E-6



EXPERIMENT NAME: PCG I

DATA:
Minimum Experimental Data (bits/sec):

Video Requirements
Resolution (lines):
Frame Rate (fps):
Percent to the ground:

None

NikkonCamera
TBD X TBD
TBD
0/Stored

VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr):

Vent Pressure (tort): None

THERMAL POWER:
Peak (kW): None

Average (kW):

Run Length (hr): 24

Physical:
Can the facility pass through the SpaceStation hatch? (Y/N):
Comment.:

Y

Payload Mass (Ib): 20

PayloadVolume (cubic ft): 0.14

CREW:

Can the experimentbe run without crew? (Y/N):

If not, then how could it be modified to run?:

N

CONSUMABLES(give for each item):
Mass (Ib): None

Volume (cubic ft):

MICROGRAVITY: 1E-4



EXPERIMENT NAME: PCG II & III

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

None

Nikkon Camera
TBD

TBD

0/Stored

X TBD

VACUUM:

Standard Cubic Feet: None

Longest Duration to Vent (hr):

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): None 0.80

Average (kW): 0.60

Run Length (hr): 336

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 40

Payload Volume (cubic ft): 0.84

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

N

CONSUMABLES (give for each item):

Mass (Ib): None

Volume (cubic ft): None

MICROGRAVITY: 1E-5



EXPERIMENT NAME: PCG IV

DATA:

Minimum Experimental Data (bits/sec): 0

Video Requirements

Resolution (lines): 325

Frame Rate (fps): 5

Percent to the ground: 10%

X 325

VACUUM:

Standard Cubic Feet: 14.28

Longest Duration to Vent (hr): 48

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 0.230

Average (kW): 0.220

Run Length (hr): 672

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

¥

Payload Mass (Ib): 550

Payload Volume (cubic ft): 41.3

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 1.1 GN2

Volume (cubic ft): 0.071

MICROGRAVITY: 1E-6



EXPERIMENT NAME: SAAL

DATA:
Minimum Experimental Data (bits/sec): 2,000

Video Requirements
Resolution (lines): 240
Frame Rate (fps): 1
Percent to the ground: 0/Stored

X 520

VACUUM:
Standard Cubic Feet: 0.042

Longest Duration to Vent (hr): 10

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW):

Average (kW):

Run Length (hri:

Physical:

3.1

2.6

72

Can the facility pass through the Space Station hatch? (Y/N): Y

Comment:

Designed for EAC on MSL and is not flightqualified for manned environment.

Payload Mass (Ib): 1,351

Payload Volume (cubic ft): 4

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0.00016

Volume (cubic ft): 0.002

MICROGRAVITY: 1E-6



EXPERIMENT NAME: Solid Surface Combustion Exp (SSCE)

DATA:

Minimum Experimental Data (bits/sec): 100

Video Requirements
Resolution (lines): 1,000
Frame Rate (fps): 400
Percent to the ground: 10

X 1,000

VACUUM:
Standard Cubic Feet: 2

Longest Duration to Vent (hr): 24

Vent Pressure (torr): 1

THERMAL POWER:
Peak (kW): 156

Average (kW): 72

Run Length (hr): 1 -

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 129.8

Payload Volume (cubic ft): 8

CREW:

Can the experiment be run without crew? (Y/N): N

If not, then how could it be modified to run?:

The current PCCE does not have sample changeout capabilities. Currently exps are run by changing
whole bum chambers out. One run lasts only 5 to 15 seconds. Only one run without cleaning.

CONSUMABLES (give for each item):

Mass (Ib): Fuel 0.17; 02 1.033; N2 0.1150

Volume (cubic ft): Fuel 0.0028; 02 0.002; N2; 0.009

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Space Ultra Vacuum Research Facility

DATA:

Minimum Experimental Data (bits/sec): 1,000

Video Requirements

Resolution (lines): N/A

Frame Rate (fps): N/A

Percent to the ground: 80%

X N/A

VACUUM:

Standard Cubic Feet: 0.1766"

Longest Duration to Vent (hr): 1.5"

Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW): 7.0*

Average (kW): 3.5*

Run Length (hr): 24-168

Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

Comment:

The SUVRF will support a free flyer that can _ retrieved and serviced and re-released.

Payload Mass (Ib): 330,00

Payload Volume (cubic ft): 41.53

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 1.485"; Air 0.00256 kg/PR; GN2 0.6250 kg/R

Volume (cubic ft): 0.1766"; Air 2.0 UPR; GN2 500 liters

MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: ° Static Column Electrophoresis

DATA:

Minimum Experimental Data (bits/sec):

Video Requirements

Resolution (lines):

Frame Rate (fps):

Percent to the ground:

None

None

X

VACUUM:

Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

0.00004/sec (0.000002 Ib/sec)

Continuous

62O

THERMAL POWER:

Peak (kW): 0.032

Average (kW): 0.030

Run Length (hr): 2

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Fits in an STS middeck locker.

Y

Payload Mass (Ib): 7.5

Payload Volume (cubic ft): 0.25

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Automate 35-ram camera operation.

N

CONSUMABLES (give for each item):

Mass (Ib): 7.5

Volume (cubic ft): 0.25

MICROGRAVITY: 1Eo4



EXPERIMENT NAME: Surface Tension Driven Convection Exp (STDCE)

DATA:

Minimum Experimental Data (bits/see): 100

Video Requirements
Resolution (lines): 200
Frame Rate (fps): 1
Percent to the ground: 5

X 200

VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr): None

Vent Pressure (torr): None

THERMAL POWER:
Peak (kW):

Average (kW):

Run Length (hr):

Physical:

180

5O

48

Can the facility pass through the Space Station hatch? (Y/N):
Comment:

Y

Payload Mass (Ib): 110

Payload Volume (cubic ft): 4

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): None

Volume (cubic ft):

MICROG RAVITY: 1E-6



EXPERIMENT NAME: 3AAL

DATA:

Minimum Experimental Data (bits/sec): 0

Video Requirements
Resolution (lines): 500*
Frame Rate (fps): 30*
Percent to the ground: 1%*

X 500*

VACUUM:
Standard Cubic Feet: 0.05

Longest Duration to Vent (hr): 5

Vent Pressure (torr): 10

THERMAL POWER:
Peak (kW): 0.300

Average (kW): 0.280

Run Length (hr): 24

Physical:
Can the facility pass through the SpaceStation hatch? (Y/N):
Comment:
Designed for EAC or MSL and is not flight qualified for manned environment.

Y

Payload Mass (Ib): 155.8

Payload Volume (cubic ft): 2.85

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): GN2

Volume (cubic ft): 0.05

MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Vapor Crystal Growth

DATA:

Minimum Experimental Data (bitslsec): 20,000

Video Requirements

Resolution (lines): 300*

Frame Rate (fps): I*

Percent to the ground: 1"

X 500*

VACUUM:

Standard Cubic Feet: 0

Longest Duration to Vent (hr): 0

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.550

Average (kW): 0.518

Run Length (hr): 336

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Designed for Spacelab rack. Needs FES to provide power and control.

Y

Payload Mass (Ib): 163.26

Payload Volume (cubic ft): 18.8

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

With minor adjustments, requires sample changeout.

Y

CONSUMABLES (give for each item):

Mass (Ib): 0

Volume (cubic ft): 0

MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Zeolite

DATA:

Minimum Experimental Data (bits/sec): 2,000

Video Requirements
Resolution (lines): 525*
Frame Rate (fps): 10"
Percent to the ground: 1%

'X 525*

VACUUM:
Standard Cubic Feet: 0

Longest Duration to Vent (hr): 0

Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW): 1.7"

Average (kW): 0.6*

Run Length (hr): 1,008

Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

Y

Payload Mass (Ib): 400

Payload Volume (cubic ft): 18

CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

Y

CONSUMABLES (give for each item):

Mass (Ib): 0

Volume (cubic ft): 0

MICROGRAVITY: 1E-6

*Estimated
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3. SYSTEM REQUIREMENTS

This Section contains two major items. First, commercial free flyer data downlink

transmission requirements are discussed. As a result of examining these downlink

requirements, it has been determined that video compression techniques would greatly

reduce the downlink burden. Therefore, candidate video compression technologies are

presented. The second section item is the preliminary mission scenario analyses, which

were conducted to help establish commercial free flyer requirements. Groundrules,

experiment facility input data, operational cases, and final results are presented.
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3.1 DATA REOUIREMENTS

The experiments in this data release have a broad range of needs for telescience (also

referred to as command data) and telemetry capabilities along with on board data storage.

This Section will describe very briefly these requirements and will be broken down into the

following categories and subcategories:

1. Telemetry Data (Section 3.1.1)

a. Experiment Data (3.1.1.1)

b. Video Data (3.1.1.2)

2. Telescience (3.1.2)

3. Real Time Transmission (3.1.3)

4. Data Security (3.1.4)

5. Onboard Data Storage (3.1.5)

6. Video Compression Techniques: A Review (3.1.6).

Although category six is not a requirement, it will be very apparent after the

discussion in Section 3.1.1.2 that data/video compression would be system design

implementation in order to accommodate a major percentage of the potential users. It also

must be brought to attention that this data release is preliminary, which implies that the

supporting material is incomplete and minimal engineering analysis has been done to drive

out the tall poles in the data requirements. This is due to the fact that a large percentage of

the experiments are in the development phase, which results in little insight on what type of

experimental data will be generated and command data required.

3.1.1 Ze.lm.ttr.y__12_

The telemetry data requirements have been broken down into two categories

(experiment and video) in order to quantify the requirements.

3.1.1.1 _ - A major portion of the experiment data will not require

more than 16 kbps telemetry (minus the video) as seen in Section 2.2 in reference to the

user experiment data rate bar chart.

3.1.1.2 _ - Video data is required on approximately fifty percent of the

RACO experiments and is typically associated with the fluids, combustion, and

containerless processing experiments. The percentage of experiments requiring video data

transmission to ground is roughly half of the total user video requirements (or one quarter

of 64 RACO experiments). At a minimum, the average video requirements are typically

4.25 MHz bandwidth (analog), 30 frames/second, 525 scan lines/frame, and using 8 bits

A/D conversion per sample based on Nyquist Criteria (2 samples/I/z) which equates to

67.2 Mb/s date rate. Special design implementation will have to be employed in order to
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manage this enormous quantity of data and such techniques are discussed in Section 3.1.6.

The discussion of real time video data requirements will be discussed in Section 3.1.3 and

was left out of this Section for that reason.

3.1.2 Teleseienee

Telescience, as we have interpreted it, is the ability of an experirnenter to interact with

his or her experiment in real time. Because most of the experiments have been designed for

Space Lab or Space Shuttle middeck which rely on fully manned operations, telescience

would be a substitution for those experiment operations (requiring crew time) on

commercial free flyer carders which will be man-tended operated.

3.1.3 Real-Time Transmission

Although real-time transmission has not been clearly identified in this data release, the

• fact remains that a majority of the experiments will require both real time telemetry and

telescience. Of those experiments requiting down link video, the data release does not

specify real time because most of the experimenter's have specified a "desire" requirement.

The basis for the down link video requirements comes from the fact that PIs would like to

have visual feedback in order to recalibrate their experiment before the next run.

3.1.4 Eala.._atr_

The requirement for secured data comes about due to the fact that most commercial R

& D projects are considered proprietary and these RACO experiments are no exception.

Special security features and procedures are expected to be provided by experiment carrier

in order to protect the experimenter's proprietary data.. This can typically be handled in the

following encryption techniques (just to name a few):

1. Transposition ciphers - scrambles the characters of the message according to
some rule.

2. Substitution cipher - replaces one character with another, but leaves the message
in proper order.

alters the computerized representation of data by some3. Bit Manipulation -
algorithm.

3.1.5 Onboard Storaee

On board storage requirements will be required of a experiment carrier because of the

limitations of the data transmission system. The biggest requirement is for the capability of

removable media (magnetic tape, compact disks, etc.). Another requirement becomes

obvious and is that a data buffer will have to be sized to accommodate the down link data

and video storage requirements so that pertinent information will not be lost.
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3.1.6 Video Comnression Techniaues: A Review

Based on the user video transmission requirements, there has been a need to

investigate video compression techniques in order to identify viable solutions. This Section

describes very briefly several techniques that could provide solutions in making use of the

limited bandwidth available to the users.

It comes out of necessity to determine the optimum technique or techniques to get the

best performance out of a constrained transmission system. In general, straightforward

digitization of a broadcast television signal requires about 100 Mb/s (Ref 1) (refer to

reference list at the end of this Section). The ultimate goal in the design of a video

compression system is obviously to minimize the bandwidth requirements that allows the

transmission of a specified acceptable picture quality. All research efforts are toward

finding efficient image coding methods and the implementation of these coding algorithms

with relatively inexpensive, compact, and high-speed very large scale integrated (VLSI)

circuits.

Video compression processing can be divided into two broad classes-- intrafrarne and

interframe coding. Intraframe coding is used to remove redundancy in single-frame

images. Interframe coding takes advantage of the stored correlation in video frame

sequences to reduce the picture redundancy between frames: For scenes with high motion,

there is less correlation between the present element (pixel) and the previous frame pixel.

Thus intraframe coding performs better than interframe coding. For scenes with little

motion and little detail, usually interframe coding is better than intraframe coding (2). Both

coding processes should be used together to achieve the highest compression ratio.

The following video compression techniques that will be discussed in this Section

arc:

1. Predictive coding

2. Transform coding

3. Linear Predictive coding

4. Hybrid Transform/Predictive coding

5. Conditional Replenishment coding

6. Motion Detection and Compensating coding

7. Human Visual System Model and Image Processing.

All the above techniques can be applied to either intraframe or interframe coding with

the exception of transform coding, which is suitable for only single frame coding (i.e.,

intraframe coding).

1. In Predictive image coding, the intensity of each picture element (pixel) is

predicted by the previous scanned pixels according to some algorithms. The difference
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between the prediction and the actual pixel value is quantized and coded for transmission.

At the receiver, images can be reconstructed from the quantized difference signal (received

from the transmitter) and a prediction performed at the receiver using the same algorithm.

An image compression is achieved by coarsely quantizing the difference signal (3). This

coding technique takes advantage of the picture signal statistics on one hand and of the

observers perception on the other for reducing the bit rate. It is the earliest coding

technique developed for video compression.

The concept of differential pulse-code modulation (DCPM) was originally patented in

1952. DPCM coding system differences of successive pixels are quantized and

transmitted. By combining a linear predictor with a non-uniform quantizer tailored to the

observer's perception was developed. Based on the previous development, one of the

most effective extension of DPCM is the use of two-dimensional spatial predictor. This

results in an improvement in picture quality and further improvement can be made by

combining DPCM and any adaptive quantizer. The adaptive contour prediction technique

can improve the SNR by about 3.4 dB (4).

Research on Predictive coding for color video signals generally use two basic coding

schemes for compressing color television signals -- component and composite codings. In

composite coding, the composite color television signal, which consist of the luminance

signal and the modulated subcarrier of two chrominance signals, is encoded as a single

signal. In component coding, three components of a color television signal (the luminance

signal and two chrominance signals) are encoded separately. The idea of incorporating the

psychophysical-based human visual system into a component encoding process for color

video images was used. An average bit rate of 1 bit/pixel with fair image quality was

achieved by this technique.

For small types of video frame sequences, a three-dimensional spatial, nonlinear

predictor can probably be used to reduce the redundancy in television signals. This type of

predictor is relatively insensitive to image statics. Errors in the input of the predictor decay

rapidly with time. Although very little work is published in this field, it will probably

show promise for video conference applications.

2. The purpose of Transform coding is to convert statistically- dependent picture

elements (pixels) into an array of relatively independent and information-compacted

transform coefficients. Those coefficients are then efficiently quantized and coded for

transmission. Using this technique, a unitary transform is applied to an entire image or

repeated to many identical subsections (blocks) of the image. With this transform coding,

higher image fidelity reconstruction is achieved at low bit rates. Also, it is insensitive to

variation in image statistics and channel-error effects. This began with Fourier image
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transform (5, 6), and later on came many other transformations, such as-- Hadamard

transform (7), Karhunen-Loeve (K-L) transform (8), and discrete cosine transform

(DCT)(9, 10, 11). Among those techniques, theoretically, K-L transform gives the best

performance, but inherent computational complexity prohibits it from practical use. But

because of the trend of computer technology it is becoming more feasible. The

performance of discrete cosine transform is approaching K-L transform but with much

more computational simplicity.

3. Linear Predictive Coding (LPC) methods have been utilized in speech(12, 13).

Through an extension of the LPC method, efficient compression algorithms were devised

for digital images. Using the methodology of utilizing LPC in speech processing, the LPC

approaches were 2D lattice-filter prediction, adaptive quantization, and entropy coding to

the imagery compression. The results of this technique showed that the 2D lattice-filter

prediction provides minimal linear predictor parameterization with efficient computation and

sorted for data compression application. This powerful technique, seldom used in video

processing, has been applied to medical images and shows great promise.

4. Hybrid transform/Predictive coding was f'rrst introduced in 1974. This method

was brought about due to the fact that, compared to Predictive coding, transform coding

gives a better performance with a smaller mean-square error on reconstructed images. But

transform coders are more complicated to implement than Predictive coders. With this in

mind, research has extended some efficient intraframe coding techniques to include

interframe coding techniques (14, 15, 16). The hybrid coder that was developed uses a

one-dimensional unitary transform coder cascaded with parallel DPCM coders. Adaptive

versions have been developed while one used fixed-rate feedforward adaptive hybrid to

achieve bit rates of 1 to 2 bits/pixel and the other developed a line- adaptive hybrid coder, a

fixed-rate feedforward adaption ofDPCM encoders (17). The DPCM encoder is adapted to

both the encoded line and the coefficient prediction with an achievable code rate being 1.07

bits/pixel. The hardware complexity will limit this algorithm to only limited applications.

Overall, by combining two-dimensional intraframe transform coding with interframe

prediction coding, good image quality can be obtained at rates as low as 0.25 bits/pixel.

5. Conditional Replenishment coding takes advantage of the fact that in real video

scenes, many pixc.ls in certain regions (such as background scenes) remain unchanged

from frame to frame much of the time. In this technique the frrst video frame is stored at

the transmitter and transmitted to the receiver as a reference frame. Each subsequent frame

is then compared to the reference frame. If a pixel difference exceeds a predetermined

threshold value, the old pixel is replaced by the new pixel in the reference frame at the

transmitter. This new pixel is also transmitted, along with its address, to replace the old
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pixel at thereceiver. Replenishmenttechniquesusedfor videocompressionincludedot-

by-dotandline-by-linereplenishmentandframereputation(18). With thismethod,only a
fractionof thetotalpictureinformationis replenishedduringeachframeperiod. Assume

thereplenishmentratio is N:1,apictureis built upat thereceiverby usingtheoriginally

storedframe and by every 1/N of the total numberof samplesin a frame being sent
successfullyin oneframeperiod. Therefore,only 1/Nof the samplesin everyframeare

new,andtherest areold. In themoving area,somepixels showdifferent field images,

whichappearasgranularnoise. However,no impairmentwasobservedin thestationary
area.

Insteadof apixel in thedot-by-dotreplenishment,thereplenishmentunit is a line-by-

line replenishmentmethod. In the moving area,comb- like noise impairmentcan be

observed.Butno impairmentis observedin thestationaryarea.
Only everyNth frameis displayedon themonitorandstoredin thememory. This

frameis then repeated(N-I) timeson themonitor. During the time theframeis being
repeated,no pixel is refreshed. Therefore,smoothmovementis convertedinto jerky
movementin N frame period. In earlierwork on picture-phoneactivity (19), on the
average,lessthan10percentof thepixelschangedbetweenframesby amountexceeding1

percentof thepeaksignal. Sincethereplenishmentinformationoccursat arandomrate,
buffersareusedto redistributetheinformationto thecommunicationchannelatauniform

transmissionrate. A dynamicthreshold,whichdeterminestheoccurrenceof a significant

changein thepicture information, is variedasa function of the amountof information
storedin thebuffer.

With low-resolutionmonochromevideotelephoneimageswith 1-MHz bandwidth,

frame-replenishmentcoding degradationcan be made negligible for conferencing
applicationat bit ratesof 1.5Mb/s (20). For medium-resolutionmonochromevideo

imageswith 4-MHz bandwidth,goodresultswereobtainedat bit ratesor 1.5Mb/s(21).

Codingdistortionis detectableat thisbit rate,but subjectevaluationsshowedthatthis is
acceptablefor interpersonalcommunications.For broadcastNTSCcolor signals,good

resultshavebeenobtainedby samplingthecompositesignalsat threetimes the color

frequencywith22-Mb/sbit rate.
6. Motion detectionandcompensationcodingtechniquesis theability to sendonly

themotioninformationthroughthechannel.As with televisionsignal,scanninga scene30
times a secondcontainsa significantamountof frame-to-frameredundancy. In this

techniquethepictureis segmentedinto twoparts--thebackground(whichconsistof pixels

havingintensitiessimilarto thoseof thepreviousframepixels). Informationis transmitted

only aboutthemovingareain theform of predictionerrorsandaddressesof themoving

t

q

q
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area pixels. This scheme can be improved by estimating the displacement of objects in the

scene and using the displacement estimate for Predictive coding by taking differences of

elements in the moving area with respect to approximately displacement elements in the

previous frame. These adaptive schemes, which are referred to as motion compensation

coding schemes (22), depend upon the following:

• The amount of purely translational motion of objects in a real television scene

• The ability of an algorithm to estimate the translation with an accuracy that is
desirable for good prediction of intensity

• Robustness of the displacement estimation algorithm when amplitude, spatial, and
temporal resolution of the transmitted picture are lowered due to buffer fullness.

Most of the motion compensated methods have reached a bandwidth of 1.5 MHz.

The two types of interframes motion compensation techniques, where the motion of each

pixel of a new frame (or a group of frames) is predicted from the information available in

the previous frame, are the pixel-recursive algorithm and the block-matching algorithm.

The pixel-recursive algorithm can track complex motion, such as rotation and

translation, better than the block-matching algorithms. This is because, on an individual

basis, pixel motion in the interframe interval can be viewed as strictly translatory in nature.

However, from the viewpoint of implementing hardware for real application, the block-

matching algorithms lend themselves to easier implementation.

The transform domain interfrarne DPCM Predictive coder, which takes advantage of

human psychovisual response, allows greater coding degradation, thus a reduction in

bandwidth, in those areas of the picture where human visual sensitivity is low (moving

objects) and reproduces more accurately those areas where human visual sensitivity is high

(uncovered background).

The 1.5 Mb/s interframe code was achieved by NEC Corporation using an improved

block-matching algorithm that gives good quality for very active pictures.

In order to achieve a bandwidth of 56 Kb/s, it is necessary to use all of the known

methods of compression video: skipping frames for transmission, transmission of only the

difference between the new flame and the last one, and by eliminating redundancy within a

single frame and multiple frames. As apart of the motion detection and compensation

technique, a picture windowing technique is used to obtain as a subset of the entire picture

were motion or pixel change has been detected. This windowed area will be of much

higher picture quality (high resolution) with respect to the rest of the picture. The idea is

when pixel change has been detected only in a certain area, the imaging system zooms up

on the area of interest while still monitoring the entire FOV but only transmits pixel



MMPI_/RACOPreliminaryDataRelease
Issue:03/03/88

informationon the zoned area. The results is the image sensor dedicates a major portion of

its resolution capability to only the area of interest and then transmit that information.

7. Many mathematical models of the human visual system have been researched for

image processing applications (23-28). It has become clear that incorporating the human

factor can significantly improve the overall picture quality. The recent increase in applying

Human Visual System (HVS) models to digital image processing problems is partially due

to advances on hardware technologies such as low cost, high speed, digital computers and

large-scale integrated (LSI) circuits which allow the possibility of implementing

increasingly more complicated image processing algorithms. Image coding or image

bandwidth compression, requires a basic understanding of the HVS. For example, by

incorporating the HVS model into the spatial transform coding technique, this technique

has successfully compressed color images from the original 27 bits/pixel to only 1 bit/pixel.

With an even better HVS model, techniques may be able to compress images at rates less

than 1 bit/pixel.

Overview:

The above discussion made its best attempt to cover the entire spectrum on video

compression techniques. The information has shown that currently, it appears that motion

detection/compensation coding, fast discrete cosine transform coding, and hybrid

transform/Predictive coding show promise for compressing TV images down to sub-T1

transmission, particularly a 56-Kb/S rate. The lack of picture quality at these rates could

best be handled by incorporating human visual system models with general video

compression systems.
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3.2 SYSTEM REOUIREMENTS DEFINITION

In an initial effort to develop commercial free flyer facility requirements, 10 mission

scenarios using MMPF data and 20 mission scenarios using RACO data were generated.

Sixteen representative RACO facilities and 14 representative MMPF facilities were used in

the respective scenarios. The scenarios were examined to establish typical data, crewtime

and logistics (volume, thermal and power capacity were assumed) requirements for an

MPS free flyer. The input data and results are presented in this Section.

Table 3.2-1 contains scenario groundrules and assumptions used in requirements

generation. After establishing the groundrules, functional flows were developed for each

facility from user data. Timelined power, thermal, data and crew requirements were

generated from those functional flows. Timelines for the 16 RACO facilities are contained

in Table 3.2-2. The equivalent MMPF data are contained in the MMPF data release. All

timelines were reviewed to determine which activities must be done by crew and which can

be done automatically. Table 3.2-3 contains the RACO results of this review. The column

entitled "crew" on the table is the total of the set-up and service time. Additionally, the

minimum and maximum number of runs per RACO facility were determined and are

contained in Table 3.2-4. Lastly, ten operational mission cases using mission duration, beta

angle and volumetric capacity as variables were established. Table 3.2-5 contains these

cases. The power profiles, as a result of beta angle, are further defined in Table 3.2-6.

These power variations were incorporated into the scenario runs.

The ten scenarios presented in Table 3.2-5 were repeated three times. Once, using

MMPF facilities data; once, using "as is" RACO facilities data; and once, using slightly

modified RACO facilities. Typical RACO hardware modifications were generally assumed

to be minor automation improvements. Facility timeline data was then compared to the

power, heat rejection, volume and time resources of the given cases. From this

comparison, the number of experiment runs, power usage, data requirements and heat

rejection usage for each scenario were established. Timeline profiles of the latter three items

are contained in Table 3.2-6. Table 3.2-6 data, labeled SF-1 through SF- 10, are the results

for the MMPF facilities when applied to the 10 cases contained in Table 3.2-5. Data labeled

Scenarios 1 through 10 apply to the "as is" RACO facilities for the same 10 cases and data,

labeled Scenarios 11 through 20japplies to the modified RACO facilities. While generating

this data; power, thermal and data requirements were checked to insure that set limits were

not exceeded.

Table 3.2-7 contains the tabulated results for power, heat rejection, data rates, and

facility run numbers for each scenario. Consumable, sample and waste disposal

requirements were established for each facility on a per run basis. These data are contained
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in Table 3.2-8. The Global scenario requirements in this table were established by taking an

average of the scenario SF 1 to SF 10 values. The experiment run frequency data and the

information contained in Table 3.2-8 were used to generate each scenario's logistics

requirements. Results of those calculations are contained in Table 3.2-9 along with power,

thermal and data summaries.

Several preliminary results were obtained from the above analyses. First, the RACO

facilities, as currently configured, cannot take full advantage of a free flyer facility.

Secondly, reduced power as a result of a low beta angle does not appear to be the limiting

factor on experiment run number. Finally, on-orbit crew requirements are approximately

112 manhours to set-up and 51 manhours to service experiments for the low capacity

carrier. Approximately, 243 manhours for set-up and 93 manhours for servicing are

required for the high capacity carrier.

An additional analysis conducted during this effort was to examine logistic's sample

return storage requirements. Table 3.2-10 contains this data. Many of the facilities in the

RACO data base produce perishable samples. To reduce sample degradation during storage

and return, power must be provided continuously until access and removal is completed.

There are four basic groups which are listed in the Sample Return Analysis table. Group 1

items, protein crystals, require a very low tolerance refrigeration system. Group 2 items,

organic crystals, require product thermal control between 20 and 30°C. Group 3 items,

biologicals, require storage at -10°C or lower. Group 4 items, electronic crystals, should be

kept below 38"C.



GROUNDRULES AND ASSUMPTIONS

GENERAL

1 ) MPS PAYLOADS ONLY WERE coNSIDERED.

2) US PAYLOADS ONLY WERE CONSIDERED.

SET-UP

1 ) TWO CREWMEN WORKING 24 HOURS A DAY WERE ASSUMED.

2) PEAK POWER WAS ASSUMED TO BE 24 KW (ORBITER
POWER WAS AVAILABLE TO THE FREE FLYER).

5) ONE SET-UP PROCEDURE PER FACILITY.

RUN

! ) MAXIMUM EXPERIMENT RUN TIME REQUEST
PER FACILITY WAS UTILIZED.

2) MAXIMUM POWER CAPABILITY WAS ASSUMED TO BE
10.3 KW TO THE USERS.

5) BETA ANGLES WERE VARIED BETWEEN SCENARIOS.

4) NO CREWMEN WERE AVAILABLE.

5) DATA LINK WAS LIMITED TO 64 KBPS.

6) NO LIMIT WAS PUT ON THERMAL CAPABILITY.

7) EXPERIMENT START-UP WAS 24 HOURS AFTER
FINAL FACILITY SET-UP,

8) ALL EXPERIMENTS WERE SHUT-DOWN 24 HOURS PRIOR

TO STS DOCKING.

SERVICING

! ) TWO CREWMEN WORKING 24 HOURS PER DAY WERE
ASSUMED.

2) PEAK POWER WAS ASSUMED TO BE 24 KW (ORBITER
POWER WAS AVAILABLE TO THE FREE FLYER).
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EXPERIMENT
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ECG
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BETA ANGLE
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HIGH

LOW

HIGH

HIGH

LOW

HIGH

LOW

N/A

N/A

CAPACITY

7 RACKS & 32 MIDDECK LOCKERS

7 RACKS & 32 MIDDECK LOCKERS

15 RACKS & 64 MIDDECK LOCKERS

15 RACKS & 64 MIDDECK LOCKERS

7 RACKS & 32 MIDDECK LOCKERS

7 RACKS & 32 MIDDECK LOCKERS

15 RACKS & 64 MIDDECK LOCKERS

15 RACKS & 64 MIDDECK LOCKERS

7 RACKS & 32 MIDDECK LOCKERS

7 RACKS & 32 MIDDECK LOCKERS
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DATA SUMMARY SHEET

tle: Scenario SF1

Available Panel Area: 7 DOUBLE RACKS 6 MOD. CONTAINERS

Peak Power: (10.3 kW limit) 9.80 kW actual

Total Energy Used: 13300.32 kW-hr

Average Power Usage: 4.542 kW

Peak Heat Rejection: 11.905 kW actual

Total Energy Rejected: 13305.3 kW-hr

Average Heat Rejection: 4.544 kW

Peak Data Rate: 14.369 kBits/sec

Average Data Rate: 2.266 kBits/sec

RUN LENGTH

FACILITY (hr)

NO. OF RUNS

AVAILABLE

IN 120 DAYS

Acoustic Levitator 49.86

Alloy Solidification 19.75

Bridgman, Small 675.60
Continuous Flow Electro.27.72

EM Levitator 3.55

Electroepitaxy 246.6

Fluids Physics 121.34
Float Zone 169.98

Isoelectric Foc. l&2 10.28

Latex Reactor l&2 117.78

Organic & Polymer Cry. 97.77

Protein Crystal l&2 240.43

Vapor Crystal Growth Sys680.53

36

12

I0

1

36

1 ,

1

10

2

2

27

20

4

NO. OF RUNS

COMPLETED

IN 120 DAYS

19

12

3

1

36

i

1

5

2

23

16

3

%EQUIPMENT

UTILIZATION

53

10(")

33.3

10(")

100

100

100

50
100

1_)0

85. 1

80

75



DATA SUMMARYSHEET

Title: Scenario SF2

Available Panel Area: 7 DOUBLERACKSb MOD. CONTAINERS

Peak F'Qwer: (10.3 kW limit) 9.921 kW actual

Total Energy LIsed: 17570. 18 kW-hr

Average Power Usage: 4.023 kW

Peak Heat Rejection: 11.003 kW actual

Total Enerqy Rejected: 17576.55 kW-hr

Average Heat Rejection: 4.024 kW

Peak Data Rate: 12.:320 kBits/sec

Average Data Rate: 1.892 kBits/sec

RUN LENGTH
FACILITY (hr)

NO. OF RUNS
AVAILABLE

IN 180 DAYS

NO. OF RUNS
COMPLETED

IN 180 DAYS

Acoustic Levitator 49.86
Alloy Solidification 19.75
Bridgman, Small 675.60
Contir_uc)cls Flow Electro.27.72
EM Levitator 3.55
Electroepitaxy 246.6
Fluids P1nysics 121.34
Float Zone 169.98
Isoelectric Foc. l&2 10.28
Latex Reactor l&2 117.78
Organic & Polymer Cry. 97.77
Protein Crystal l&2 240.43
Vapor Crvstal Growth Sys680.53

36
12
10
1
36
1
1
10
2
2
27
20
4

24
12
5 ,

1

36

I

1

7

2

2

27

20

4

%EQUIPMENT

UTILIZATION

66. 7

100

50

100

100

1(:i0

100

70

100

1O0

100

1 (-)('_

1(1)0



DATA SUMMARYSHEET

Title: Scenario SF3

Available Panel Area: 15 DOUBLERACF:S14 MOD. CONTAINERS

F'eak P,::_wer: <10.3 kW limit) 9.911 kW actual

i kW-hrToLal Energy Useci: 14159._

Aver'age Power Usage: 4.8..:,_ kW

F'eak Heat Re.jec:tion: 12.589 kW actual

Total Energy Rejected: 14165.94 kW-hr

Average Heat Rejection: 4.838 kW

Peak Data Rate: 28.980 kBits/sec

Average Data Rate: 3. 106 kBits/sec

RUN LENGTH

FACILITY (hr)

NO. OF RUNS

AVAILABLE

IN 120 DAYS

NO. OF RUNS

COMPLETED %EQUIPMENT

IN 120 DAYS UTILIZATION

IAcoustic Levitator 1&2 49.86

Alloy Solid. l&2 19. 7=,.,

Bridgman, Small 1.... 675.60
Continue, us Flow 1_.°.::_ 27.72

Critical F'oint Pheno.

EM L.evi tator l&2 3.55

El ectroepitaxy l&2 246.6

Fluids Physic= 1.... 1 .34
Float Zone l&2 169.98

Isoelectric Foc. 1,2,3&4 10.28

Latex Reactor 1,2,3&4 117.78

Organic & Polymer 1,2&3 97.77

o,3&4 240 43Protein Cry. i,_

Vapor Crystal Gro. l&2 680.53

72 18 'I__

24 16 66.7

2 2 100

1 1 100

51 472 37 •

2 100

2 _° 100

20 5 25

4 4 1(-)(]

4 4 i0(-_

81 42 51.9

40 _°m 55

8 2 25



DATA SUMMARYSHEET

l'itl e: Scenario SF4

Available Panel Area: 15 DOUBLERACKS14 MOD. CONTAINERS

F'eak Power: (10.3 kW limit) 10.300 kW actual

Total Energy Used: 20111.420 kW-hr

Average Power Usage: 4.604 kW

Peak Heat Rejection: 10.799 kW actual

Tf_tal Energy Rejected: 20118.78 kW-hr

Average Heat Reiection: 4.606 kW

Peak Data Rate: 29.5bc) kBits/sec

Average Data Rate: 3.205 kBits/sec

NO. OF RUNS
RUNLENGTH AVAILABLE

FACILITY (hr) IN 180 DAYS

Acoustic Levitator l&2
Alloy Solid. 1&2
Br_dgman, Small I&2
Continuous Flow l&2
Critical Point Pheno.
EM Levitator l&2
Electroepitaxy l&2
Fluids Physics i&2
Float Zone I&2

49.86
19.75
675.60
27.72

3.55
246.6
121.34
169.98

Isoelectric Foe.l,2,3&4 10.28
Latex Reactor 1,2,3&4 117.'78
Organic & Polymer 1,2&3 97.77
Protein Cry. 1,2,3&4 240.43
Vapor Crystal Gro. l&2 680.53

72
24
2O
2
1
72
2
2
20
4
4
81
40
8

NO. OF RUNS
COMPLETED

IN 180 DAYS

18
21
3
2
1
57
2
2
6
4
4
70
37
5

%EQUIPMENT
UTILIZATION

25
87.5
15
100
100
79.2
100
100
30
100
100
86.4
92.5
62.5



DATA SUMMARYSHEET

Title: Scenario SF5

Available Panel Area: 7 DOUBLE RACKS 6 MOD. CON FAINERS

Peak: Power: (10.3 kW limit High Beta angle) I¢'_.095 k:W actual

Total Energy Used: 12341.85 kW-hr

Average Power Usage: 4.215 kW

Peak Heat Rejection: TBD kW actual

Total Energy Rejected: TBD kW-hr

Average Heat Rejection: TBD kW

Peak: Data Rate: 13.22 kBits/sec

Average Data Rate: _.243 TBD k:Bits/sec
NO. OF RUNS

RUN LENGTH AVAILABLE

FACILITY (hr) IN 120 DAYS

NO. OF RUNS

COMPLETED

IN 120 DAYS

Acoustic Levitator 49.86

Alloy Solidification 19.75

Bridgman, Small ,675.60
Continuous Flow Electro.27.72

EM Levitator 3.55

Electroepitaxy 246.6

Fluids Physics 121.34
Float Zone 169.98

Isoelectric Foc. l&2 10.28

Latex Reactor l&2 117.78

Organic & Polymer Cry. 97.77

Protein Crystal l&2 240.43

Vapor Crystal Growth Sys680.53

36

12

10

1

36

1

1

1_'_

2

2

27

20

4

15

12

3

1

36

1

1

4

2

2

24

16

3

%EQUIPMENT

UTILIZATION

41.6

100

33.3

100

1¢-_0

100

100

40

100

100

88.9

80

75



DATA SUMMARYSHEET

Title: Scenario SF6

Available Panel Area: 7 DOUBLERACKS6 MOD. CONTAINERS

Peak Power: (10.3 kW limit Low Beta Angle) 9.8(]x] kW actual

Total Ener'gy Used: 18462.57 kW-hr

Average Power Usage: 4.227 kW

F:'eak Heat Rejection: II.9L_5 kW actual

Total Energy Rejected: 18469.00 kW-hr

Average Heat Rejection: 4.228 kW

Peak Data Rate: 14.396 kBits/sec

Average Data Rate: 1.913 kBits/sec

RUN LENGTH

FACILITY (hr)

Acoustic Levitator 49.86

Alloy Solidification 19.75

Bridgman, Small 675.60

Continuous Flow Electro.27.72

EM Levitator 3.55

Electroepitaxy 246.6

Fluids Physics 121.34
Float Zone 169.98

Isoelectric Foc. l&2 10.28

Latex Reactor l&2 117.78

Organic & Polymer Cry. 97.77

Protein Crystal l&2 240.43

Vapor Crystal Growth Sys680.53

NO. OF RUNS

AVAILABLE

IN 180 DAYS

36

12

10

1

36

1

1

10

2

2

27

20

4

NO. OF RUNS

COMPLETED

IN 180 DAYS

23

12

5

1

36

1

1

9

2

2

27

2c_

4

%EQUIPMENT

UTILIZATION

63.9

100

50

100

10('I

100

100

90

100

100

1¢'_0

100

100

_,T,_]!NAL PAGE I_
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DATA SUMMARY SHEET

Fitle: Scenario SF7

Available Panel Area: 15 DOUBLE RACKS 14 MOD. CONI'AINERS

Peak Power: (10.3 kW limit High Beta Angle) 9.813 kW actual

Tc:,tal Energy Used: 13496.91 kW-hr

Average Power- Usage: 4.610 kW

Peak Heat Rejection: 11.726 kW actual

Total Energy Rejected: 13502. 14 kW-hr

Average Heat Rejection: 4.611 kW

Peak Data Rate: 30.860 kBits/sec

Average Data Rate: 2.88 kBits/sec

RUN LENGTH

FACILITY (hr")

Acoustic LevitatQr l&2

Alloy Solid. l&2

Bridqman_ Small l&2
Continuous Flow l&2

Critical Point Pheno.

EM Levi tator l&2

El ectroepitaxy l&2

Fluids Physics l&2
Float Zone l&.2

49.86

19. 75

675.60

27.72

72C). 9

3.55

246.6

121.34

169.98

Isoelectric Foc. 1,2,3&4 ic).28

Latex Reactor 1,2_3&.4 117.78

Organic & Polymer 1,2&3 97.77

Protein Cry. 1,2,3&4 240.43

1,:,_ 680.53Vapor Crystal Gro. _

NO. OF RUNS

AVAILABLE

IN 120 DAYS

72

24

20

2

1

72

2

2

20

4

4

81

40

8

NO. OF RUNS

COMPLETED

IN 120 DAYS

17

15

3

1

37
"3.

2

3

4

4

41

20

2

%EQUIPMENT

UTILIZATION

O."T ,__.._,.

62.5

15

10 0

l(])0

51.4

100

10 0

15

1(2)(')

iO0
5(].6

5 (')



DATA SUMMARYSHEET

Title: Scenario SF8

Available Panel Area: 15 DOUBLE RACKS 14 MOD. CONTAINERS

Peak Power: (10.3 kW limit Low Beta Angle) 9.948 kW actual

Total Energy Used: 20195.46 kW-hr

Average Power !]sage: 4.6213 kW

Peak Heat Rejection: 11.489 kW actual

Total Energy Rejected: 2cD203.74 kW-hr

Average Heat Rejection: 4.625 kW

Peak Data IRate: 28.98 kBits/sec

Average Data Rate: 3.314 kBits/sec

RUN LENGTH

FACILITY (hr)

NO. OF RUNS

AVAILABLE

IN 180 DAYS

NO. OF RUNS

COMPLETED

IN 180 DAYS

Acoustic Levitator l&2

Alloy Solid. l&2

Bridgman_ Small l&2
Continuous Flow 1&2

Critical Point Pheno.

EM Levitator l&2

Electroepitaxy l&2

Fluids Physics l&2
Float Zone l&2

49.86

19.75

675.60

27.72

720.9

3.55

246.6

121.34

169.98

Isoelectric Foe.l,2,3&4 10.28

Latex Reactor 1,2,3&4 117.78

Organic & Polymer 1,2&3 97.77

Protein Cry. 1,2,3&4 240.43

Vapor Crystal Gro. l&2 680.53

72

24

20

2

1

72

2

2

20

4

4

81

40

8

20

16

4

2

1

44

2

2

3
4

4

64

40

6

%EQUIPMENT

UTILIZATION

66.7

20

1(z0

100

61.1

100

1O0

15

100

100

79

1c]_'_

75



DATA SUMMARYSHEET

Title: Scenario SF9

Available Panel Area: 7 DOUBLERACKS6 MOD. CONTAINERS

Peak Power: (11.0 kW limit) 10.35 kW actual

Total Energy Used: 19873.05 kW-hr

Average Power Usage: 6.'787 kW

Peak Heat Rejection: 13.377 kW actual

Total Energy Rejected: 19884.17 kW-hr

Average Heat Rejection: 6.791 kW

Peak Data Rate: 12.536 kBits/sec

Average Data Rate: 2.883 kBits/sec

RUNLENGTH
FACILITY (hr)

NO. OF RUNS
AVAILABLE

IN 120 DAYS

NO. OF RUNS
COMPLETED

IN 120 DAYS

Acoustic Levitator 49.86
Alloy Solidification 19.75
Bridgman, Small 675.60
Continuous Flow Electro.27.72
EM Levitator 3.55
Electroepitaxy 246.6
Fluids Physics 121.34
Float Zone 169.98
Isoelectric Foc. l&2 I¢).28
Latex Reactor l&2 117.78
Organic & Polymer Cry. 97.77
Protein Crystal l&2 240.43
Vapor Crystal Growth Sys680.53

36
12
I0
1
36
1
1
10

2
27
20
4

36
12
4
1
36
1
1
10
2
2
27
20
4

%EQUIPMENT
UTILIZATION

100
100
40
100
100
100
100
100
100
100
10(3
100
100



DATA SUMMARYSHEET

Title: Scenario SFIO

Available Panel Area: 7 DOUBLERACKS6 MOD. CONTAINERS

F'eak Power: (11.0 kW limit) 10.35 kW actual

Total Energy Used: 21221.73 kW-hr

Average Power Usage: 4.858 kW

Peak Heat Rejection: 13.377 kW actual

Total Energy Rejected: 21232.81 kW-hr

Average Heat Rejection: 4.861 kW

Peak Data Rate: 12.536 kBits/sec

Average Data Rate: 1.988 kBits/sec

RUNLENGTH
FACILITY (hr)

NO. OF RUNS

AVAILABLE

IN 120 DAYS

NO. OF RUNS

COMPLETED

IN 120 DAYS

Acoustic Levitator 49.86

Alloy Solidification 19.75

Bridgman, Small • 675.60
Continuous Flow Electro.27.72

EM Levitator 3.55

Electroepitaxy 246.6

Fluids Physics 121.34
Float Zone 169.98

Isoelectric Foc. 1&2 10.28

Latex Reactor 1&2 117.78

Organic & Polymer Cry. 97.77

Protein Crystal I&2 240.43

Vapor Crystal Growth Sys680.53

36

12

10

1

36

1

1

I0

2

2

27

20

4

36

12

5

1

36

1

1

10

2

2

27

20

4

%EQUIPMENT

UTILIZATION

100

100

,_(-)

1c]0

100

100

100

100

100

100

100

100
100
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I Facility : Material _ S:Solid : Volume] Mass : Number ] Material: Naterial:

: : : L:Liwid: Per hn : Per Run: of : Volume: Nass :
: : : Q:Qas : (liter) : (kg) : Runs : (liter): (kg) :
, --4 +...... +....... +...... +......... ÷......... +......... I

IAd. kutomatedDirectional :Air

:Ad. kutomatedDirectional :Argon

IElectroepitazial Crystal 6rowth _6H2
IHigh Temperature Acoustic :6N2

:Hultiple ExperimentProcessing IAir
lfiultip|e ExperimentProcessing :Argou
IHultiple ExperimentProcessing JNuliu|
INorea] Freezing Furnace-I :kir
:Norna| Freezing Furnece-I :Argon
IThree kxis Acoustic Levitator _6H2

!

I, Q :
I, Q :
!, Q
I, G
: S
: Q
: S

175.0001 0.22400: 1.000001 175.000: 0.224001

175.000: O._ll50f 1.00000: 175.0001 0._1150:
83.0000: 0.00750_ 6.00000: 498.000: 0.04500_

90.0000: 0.11570: 0.00000: 0.00000: 0.00000:
175.000: 0.22400: 9.00000: 1575.00: 2.01600:

175.000: 0._1150: 9.00000_ 1575.00: 2.80_50f
4.00000: 0.00071: 9.00000_ 36.00001 0.006_91

175.000: 0.22400: l.O00m] 175.000: 0.224001
175.000: 0._1150_ 1.00000: 175.000: 0.31150:
1.68000: 0.11g_99_ 2.000001 3.3g_00: 0.005981

IAd. Automated Directional

:ad. automated Directional

:DiffusiveMixingof Organic

IF|uidExperimentSystem.

_NovingNull[lectr_horesis(Jnit

INultiple[xperimentProcessing

INultipleExperimentProcessing

:NormalFreezingFurnece-I

_NormalFreezing Furnace-!

' + + .........÷.... +.........+.........+.........I

: Totals: _ 4387.36:5.947871

:................................ +......................... +...... -.+. ...... +......... +......... +......... +........ :
I

:CleaningFluid , L : 0.50000:0.500001 1.000001 0.50000: 0.50000;

IPistilled _ter _ L ; 2.00_00_ 2.00000: I.O0000_ 2.00000: 2.00000{

:Orphic Solutions : L : 0.128_0: 0.25760: l.O0000: 0.12880: 0.25760:
:ltodsl Fluids : L : I.DO_O0: I.IN)O00:1.000001 1.00000: 1.00000_

_iouterial : L : 4.00000: 4.00000: I.O0000_ 4.00000: 4.00000:
;Cleaning Fluid : L : 0.50000: 0.50000: 9.00000: 4.50000:4.500001
:Distilled rater : L : 2.00000: 2.00000: 9._: 18.0000: 18.001_

:Cleaning Fluid : L : 0.50000: 0.50000: 1.0000_: 0.50000:0.500001
:Distilled Mater _ L : 2.0_000_ 2.00900: 1.00000_ 2.00000: 2.00000:

I:Protein Crystal 6rowth-IV :Proteins , L : O.lO000: O.lO000:20.00001 2.00000:2.000001
I -

, ................................. +......................... ÷....... -4......... +......... ÷......... +......... +......... .:
: Totals: _ 34.6288t 34.7576_
: +......... +......... :
:................................ +........................... +....... +......... +......... +........ +......... +......... :
_Ad. _tomated Directional _Seeicouductor Natl. { S _ 0.07980{ 0.63080: l.O0000{ 0.07880_ 0.63080_
:ChemicalVapor Transport :Semiconductors : S : 0.02000: O.lO000: 2.00000: 0.04000_ 0.200001

:Electromagnetic Levitator :Nutals znd Alloys : S : O.Ol_O0: O.lO000: 6.00000: 0.07800:0.600001
IFloat ZoneCrystal Growth _SJlicon, Seeicond. : S _ 0.07890: 0.63080_ 1.00000_ 0.07880:0.630801

Jl_ltJple Experiean! Processing _Matais and Alloys _ S _ O.13000_ 0.7001)0_ 9.00000_ 1.17000_ 6.30000_
INorma] Freezing Furnace-I _SanicouductorNUtl. : S : 0.07890: 0.63080: l.O0000: 0.07880: 0.63080:

lOrganic and Polymer Crystal lOrganic Snlutious : S I 0.45700: 0.43500: l.O0000:0.457001 0.4_5001
:PhysicalVaporTransportof :Or_mmJcSaletimms : S _ 1._2_: I.M2_: 2._1 2._: 2.085001

IVaporCrystalGro,th Syst_ :_mic_te, rs : S : 0.02000: O.I_l I._O: 0.020001 0.10_01

:.................................4 ,.........+-........+.........+.........+.........+.........:

I Totals: _ 4.00640_ II.6124_

I 6rand Total _ 4426.07:52.31791
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.OF POOP, QUALITY SCENARIOHUHBER2

I Naterial Requirements
.................... +-- ......................... +......... +......... +......... +........ +......... +......... I

: Facility :

:kd. AutomatedDirectional IAir
Ikd,AutomatedDirectional :Argon
:Electroepitaxial Crystal Growth IGH2
:HighTemperatureAcoustic _
:MultipleExperimentProcessing:Air

IHultipie[xperieentProcessing _Argon
_HultipleExperimentProcessing_Heliua
INormalFreezingFurnoce-I TAir
:NormalFreezingFurnace-I :Argon
TThreeAxisAcousticLevitator IGN2

Waterial S=Solid : Volume_ Wass : Namer : Material: Waterial_
L=Liquid:Per RunI Per RUn: of : Volume: Mass :

: S:Sas : (liter) : (kg) : Runs _ (liter): (kg) :
+......... +......... +........ +........ +......... ÷......... :
!, G I 175.000: 0.22400: 1.00000: 175.0001 0.22400:
: G I 175,000: 0.31150: 1.00000: 175.000: 0.31150:
I G : 83.0000: 0.007501 6.000001 498.000: 0.045001
: 6 I 90.0000[ 0.11570: 0.000001 0.00000', 0.000001
: G : 175.000; 0.22400: 15.0000: 2625.00: 3._6000:
f i _ 175.000: 0.31156_ IS.00N| _!5.00_ 4.67250f
; G I 4.00000: 0.0007I_ 15.0006: _.0000_ 0.01065:

G : 175.000: 0._400_ 1.0_ 1?5.000: 0.22400_
I G _ 1?5.000_ 0.31150_ I.ONW_ 175.000_ 0.311501
I G _ 1.68000_ 0.00299_ 2.000W: 3.36000: 0.005981

: Totals: _ 6511.36:9.16513:

I

I + + + + + _ + :
:kd.AutomatedDirectional
:kd,AutomatedDirectional

:DiffusiveHixing of Organic
IFluidExperimentSystem

:ffoving_II Electr_horesisUnit
UlultipleExperimentProcessing
:ltultipleEzPerilent Processing
:_rmalFreeZingFurnace-I
_rmal FreezingFurnace-I
:ProteinCrystalGr_th-IV

ICleaningFluid : L : 0.50000:0.500001 1.00000: 0.50000_ 0.50000:
:DistilledWtter : L : 2.00000: 2.00_0: 1.00000: 2.00000: 2.00000:
:OrganicSolutions : L : 0.12080: 0.25760:1.000001 0.128_: 0.25760;
:ModelFluids : L : 1.00000: 1.00000: l.OOOO0:1.00000: 1.0000_
:iiouterial I L _ 4.00000: 4.00000: 1.000_: 4.00000:4.000001
:CleaningFluid : L : 0.50000:0.50000:15.0000:7.50000:7._:
_Distilled_mter _ L : 2.00000¢ 2.00000_ 15.0000_ 30.0000: 30.0000|
_CleeningFluid : L _ 0.50000:0.50000_1.00000:0.5_ 0._
:Distill_Water _ L _ 2._ 2.00000_I._: 2._: 2.00000_

_Proteins _ L : 0.10_0: 0.10000_ 32.0_0' 3.20000: 3.20_00_
I.................................+.............................+.........+.........+.........+.........+.........+.........I
I Totals: _ 50.8298_ 50.9576_
I +......... +......... I
:..............................+.............................+.........+.........+.......+.........+.........+.........,,
lad. _utomated Directional
ICheoicaIVa_r Trans_rt

:Electro_gneticLevitator
:Float Z_e Crystal Growth
:_ItipleExperimentProcessing
fNormalFreezingFurnace-I
_OrganicandPolymerCrystal
IPhysicalVaporTransportof

IVaporCrystal GrowthSyst_

:SemiconductorWail.

ISemicon_ctors

l_talsandAlloys
:Silicon,Semicond.
_lletalsandAlloys
:SemiconductorNatl.
_OrganicSolutions
_Org_nicSollti_
:Semicond.ctors

S : 0.07880: 0.63080: l.O0000: 0.07880: 0.63000:
S : 0.02000: 0.10000: 2.00000: 0.04000: 0.200001
S _ 0.01300:O.lO_O: 6._0: 0.07800: 0._0:
S : O.OTOO0:0.63000: l.O0000: 0.07890: 0.630g0',
S : 0.1_000: 0.70000: 15.0000: 1.95000_ 10.5000_
S : 0.07880: 0.63090_ l.O0000: 0.07880: 0.63000_
S _ 0.45?00: 0.43500: I.O0000:0.45700: 0.45500_
S _ 1.04250: 1.04250: 2.00000_ 2.08500: 2.08500:
S : 0.02000:0.I_: 1.00000_0.020001 O.lO000:

I................................ 4 +......... +......... +........ +........ ÷......... +......... I
: Totals: _ 4.86640: 15.8124_

I GrandTotal : 6567.061 75.93511



MATERIALSREDU]RED6ASEOON

SCENARIONUHBER3

Nateril] Ruquirements
+........ +........ 4.-........ +......... +......... +......... :

Material : $:SOlid ; VoIaN : Mass : Number : _teriall Material:
: L:Liquid: Per RUn : Per Run : of : Volume: Mass :

:G:Gas : (liter) : (kg) : Runs : (liter): (kg) :
......... +...... 4......... 4......... 4.......... +......... :

Facility

I
I

Ad. AutomatedDirectional :Air

Ad. AutomatedDirectional :Argon
IElectroepitaxia[ Crystal Grouth :GH2

:High TemperatureAcoustic ;GN2
IHultiple ExperimentProcessing :Air

:Nultiple Experilent Processing :Argon
:Hu|tiple ExperimentProcessing :Helium
:NormalFreezing Furnace-I :Air
:NormalFreezing Furnace-I :Argon
IThree Axis Acoustic Levitator IGW2

: 6 : 175.000I 0.22400: 2.00000: 350.000: 0.44800:

' G : 175.000: 0._1150: 2.00000: 350.000f 0.62300;!

' 6 : $3.0000_ 0.00750: 7.00000: 581.000f 0.05250:I

: g : _._ 0.I15_: 17._: 1530._: 1.96690:
!, g I |75.000_ 0.22400: 7.00000_ 1225.00: 1.56800:

: S : 175.000: 0.31150: 7.00000: 1_.00:2.180501
' G : 4.00000: 0.00071: 7.00000: 28.0000: 0.00497:!

G : 175.000: 0.22400: 2.00000: 350.0001 0.448001
G : 175.000; 0.31150: 2.00000: 350.0001 0.62_001

: G : 1.60000: 0.0029_: I.O0000: 1.68000: 0.00299:

, ................................. +............................. +......... 4.......... 4........ 4.......... 4.......... 4.......... ,_

: Totals: : 5990.68:7.917861
I +......... +......... I
:................................. +............................ +-..... 4........ +........ 4.......... +........ +......... I

IAd.AutomatedDirectional

IAd.AutomatedOirectiona|

;DiffusiveMixingof Organic

:FluidExperimentSystem

:_ving WallEIectr_horesisUnit

IMultipleExperimentProcessing

:HultipleExperimentProcessing

IMoroalFreezingFurnace-I

l_roal FreezingFurnace-I

:ProteinCrystalGro,th-IV

:ClemningFluid : L :
:OistillN Water : L :

:Organic Solutions : L :
fNodel Fluids : L
:liouteriaJ : L

:Cleaning Fluid : L
:Distilled eater I L

:ClHning Fluid : L :
:Distilled Water : L ]

:Proteins : L :

0.50000f 0.50000: 2.000001 l.O0000f 1.00000:
2.00000: 2.000001 2.000001 4.000001 4.00000:

0.12880: 0.25760: tO0000: 0.18640: 0.77280:
l.O(_O0: 1.00000: 2.00000: 2.00000: 2.00000:
4.00000: 4.000001 3.00000: 12.0000: 12.0000:
0.50000; 0.500001 7.000001 3.50000: 3.50000:

2.00000: 2.00000: 7.00000: 14.0000: 14.0000:
0.50000_ 0.50000: 2.00000I 1.00000: 1.00000:

2.00000: 2.00000: 2.00000: 4.00000: 4.00000:
0.10000: O.lO000: I2.0000: _.20000: 120000:

: ................... - ............. 4............................. 4......... 4......... +......... +......... ÷......... +......... I
: Totals: : 45_0964: 45.4728:

: • +......... +......... I
I ................................. 4............................ 4......... 4........ 4.......... 4.......... +......... 4.......... ',

:Ad. Auto,ted Directional

:ChemicalVapor Transport
:ElectromagneticLevitator

:FloatZoneCrystal Srovth
IHultiple ExperimentProcessing

INoroalFreezingFurnace-I

lOrganic and PolymerCrystal
IPhysica] Vapor Transport of

IVapor Crystal Grouth System

:SemiconductorI_tl. _ S : 0.07_0: 0.63080:2.000001 0.15760] 1.26160:
:Semiconductors : S _ 0.02000: 0.10000: 6.00000: 0.12000: 0.60000:

:lketals and Alloys : S : O.Ol300f 0.10000: 12.0000: 0.15600: 1.20000:
:Silicon,Snico_. : S : 0.071_0: 0.63080: _.00000: 0.23640:1.892401

INetals and Alloys : 5 f 0.13000: 0.70000: 7.00000: 0.91000: _.90000:
:soniconductor Natl. : S : 0.07000: 0.63080: 2.00000: 0.15760: 1.261eO:

IOrganic Solutions I S : 0.457001 0.43500: 3.00000_ 1.37100: 1.30500:
IOr_ic Se|zti_ : S : 1.0_250: 1.04250: 4.00000:4.170001 4.170001
ISeoicmductors : S : 0.02000: O.lO000: 2.00000: 0.04000: 0.20000:

I
i

......... 4.......... +......... 4.......... +......... +......... :

Totals: : 7._1860:16.79061

+.........÷.........,,



NATEI_]ALS_DU]REDBASF,D ON

SCENARIO_4UMBER4

I NaterlaL .lequirNents
I !
, ................................ 4. ............................. 4. ........ --F ...... 4. ......... 4. ......... 4. ......... _ ......... i

: Facility : Itateria] : S:SoLld : Voiuae : _ss : PiuJmr : Material: Materia]l

: : I L:Liquid: Per Run : Per Run : of : Volume: _ss :
: : :G:Gps : (liter) : (kg) : Runs : (Liter): (kg) :

:................................ 4............................ +-...... .+. 4. - 4. 4. + ,
:Air

:Argon

_Electroepitaxial Crystal Growth :GH2
fHigh TemperatureAcoustic ]GN2
_Multiple ExperimentProcessing Ikir

IHultiple Experin_t Processing [Argon
IMuLtiple ExperimentProcessing :Helium
_NormalFreezing Furnace-[ Ikir

INorma] Freezing Furnace-I :Argon
IThree Axis Acoustic Levitator IGN2

:id. kutouted Directional

_Ad. Autoeated Directional

: G _ 175.000: 0.22400: 2.00000: 350.0001 0.448001
: G _ J75.000: 0.3]J50: 2.000001 350.0001 0.623001
' G : 03.0000: 0.00750: 11.0000: 9L_.000: 0.08250:I

G : 90.0000: O.llS?O_ 17.0000_ 1530.00_ 1.966901

: G : 175.000: 0.22400_ 1_.0000: 2275.00: 2.91200:
: G : 17S.O00_ 0,31150_ 13.0000_ 2275.001 4.04950_

: G : 4.00000: 0.1)0071: L3.00OO: 52.00001 0.009231
: G : 175.000: 0.22400: 2.00000[ _50.000: 0.448001
: G ] 175.000: 0.31150: 2.000001 350.000: 0.623001

: G : 1.68000_ 0.002_: l.O0000: 1.68000: 0.00299:

:Ad. Autouted Directional
Ikd. Automated Directional

IOiffusive nixing of Organic
fFJuid ExperimentSystem

fHovin9 NaZI ELectrophoresisUnit

_MuLtipJe Ezperiaent Processing
IHuLtipLe Experilent Processing

_Normal Freezing Furnace-!
INora_L Freezing Furnace-!

I I
................................. +............................. 4.......... #......... 4........ 4....... _ ........ 4.......... ,

I TotaLs: : 8446.68: ll.l_5ll

4.......... +......... :
i .I
................................. +............................. 4.......... 4.......... 4......... 4.......... # ......... ÷........

:Cleaning Fluid : L : 0.50000: 0.50000f 2.00000: l.O0000_ 1.00000:
:Distilled Nater t L I 2.00000: 2.00000:2.000001 4.00000:A.O00001

:Orgonic Solutions : L : 0.128801 0.25760: 3.00000: 0._8_40: 0.77280:
:_odel Fluids : L : L.O0000: 1.00000: 2.00000: 2.00000] 2.00000:
IBiematerial : L : 4.00000: 4.00000: 3.00000: 12.0000:12.00001

:Cleaning Fluid : L : 0.50000: 0.50(X)Of 13.0000: 6.50000: 6.51)0001,
:Distilled water : L ] 2.00000: 2.00000: 13.0000:26.00001 26.0000{

_ClemningFluid ; L _ 0.50000_ 0.50000_ 2.00000: l.O0000_ l.O00001
:Distilled ilater : L : 2.00000: 2.00000_ 2,00000: 4.00000:4.000001

IProtein Crystal Grouth-IV :Proteins I L : 0.10000: 0.10000[ 55.0000: 5.50000: 5.50000:
:................................ +............................. +......... 4.......... 4........ 4......... +......... +......... I
I Totals: : 62.3864: 62.7728:
: +......... +......... I

I ................................ 4.............................. 4.......... 4.......... +......... 4.......... +......... +......... I

_Ad. Auto, ted Directional _eeicondector Natl. _ S _ 0.07_0: 0.630e0_ 2.00000_ 0.15760_ 1.26160_

IChemiaaLVlpor Transport ISemiconductors : S _ 0.02000_ O.I(X)(X): 6.000001 0.12000: 0.60000:
IElectmna_etic Levitator fNatals and Alloys _ S _ O.Ol_O0_ 0.10000: 12.0000_ 0.15600_ 1.20000_

:Float ZoneCrystal Grmlth ISiLicon, Semicond. I S I 0.07880:0.630801 3.000001 0.236401 1.892401
_Hultiple ExperimentProcessLng :_tals and Alloys _ S { 0.1_000_ 030000; l_.O0001 1.69000{ 9.10000[

:Nornal Freezing Furnace-I :SoniconductorllatL ] S : 0.07880: 0.63080:2.000001 0.15760:1.261601
lOrganic and Polymr Crystal lOrganic Solutions : S : 0.45700: 0.43500: 3,00000: 1.37100: 1._0500:

IPhysica] Vapor Transport of lOr_mic Solutions _ S : 1.04250: 1.1M250: 4,00000:4.170001 4.170001
;Vapor Crystal GrowthSystem _soliconductors : S _ 0.02000:O.lO0001 2.000001 0.04000:0.200001
I ............................... --, +........ +......... +......... +......... +......... +......... :
I Totals: : 8.09860: 20.9_06:

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

: GrandTotal : 8517.161 94.9285:
I !
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MATERIALSREQUIREDBASEDON

SCENARIONUMBER5

! ....................................................... ........ _z______z__z_z__

; : _teria] Requireeents
;............................... +........................... ..+......... +. ........ +........ +......... +......... +........ :
1

: Facility : Ilztorial : S:Solid : Volume: Mass : Number : _terial: Baterial:
: : : L:Li_id: Per Run : Per Run : of : Volume: Mass :
: : : G:Gas : (liter) : (kg) : Runs : (liter): (kg) :

IAd. AutOmatedDirectional IAir
IAd. AutomatedDirectional :Argon

:EIectroepitaxial Crystal Grovth ISlt2

:High Te_erature Acoustic :_2
:Multiple ExperimentProcessing :Air
IMu|tiple ExperimentProcessing :Argon
IHuLtipLe ExperimentProcessing :Helium

:NormalFreezing Furnace-[ :Air

:NormalFreezing Furnace-! :Argon
IThree Axis Acoustic Levitator :GN2

: G : 175.000: 0.22400: l.O00001 175.000: 0.22400:
: G : 175.000: O.]llSO: 1.00000: 175.000: 0._1150_

: S : 8_.0000: 0.00750: 6.00000: 498.000: 0.04500:
: 6 : 90.0000: 0.L1570: 0.00000: 0.00000: 0.00000:

I G : 175.000: 0.22400: 9.00000: 1575.00: 2.01600:
: G : 175.000: 0._1150: 9.00000: 1575.001 2.80_50:

: G : 4.00000: 0.00071: 9.00000: _.0000: 0.006_0:
: g : 175.000: 0.22400: [.O000O: L75.000: 0.22A00I

: g : 175.000: 0._1150_ I.O0000_ 175.000: O._IlSOl
: G : [._: 0.002991 2.00000: _.3_0001 0.00598:

:................................. +............................. +......... ÷......... +.... +........ +......... +......... :
: Totals: ,' 4387._6', 5.947871

: +......... +......... I
i I, - ................................ # ............................. ÷........ ÷......... _ ........ ÷......... +......... + ......... ,

:Ad.AutomatedDirectional

IAd. AutomatedDirectional

IDiffusiveMixingof Organic

IFIuidExperimentSystem
_NovlngWa]IEIectrophoresisUnit

IPlultiPleExperimentProcessing

INu|tzpJeExperim_tProcessing

:NormalFreezingFurnace-1

_NornaIFreezingFurnace-I

IProteinCrystalGr_th-IV

:Cleaning Fluid I L : 0.50000: 0.50000: 1.00_0: 0.50000: 0.50000:
:Distilled Water : L : 2.000001 2.00000: 1.00000: 2.00000: 2.00000:
:Organic Solutio, s : L : 0.128_0: 0.25760: 1.00(0)0_ 0.12580:0.257601
f_del Fluids : L : I.O0000: 1._: 1.00000: 1.0_: 1.00000:
IBiouteriaL : L : 4._: 4.000(0): 1.00000: 4.00000: 4.00000:

ICleaning Fluid : L : 0.50000: O.SO000: 9.00000: 4.50000_ 4.50000:
IDistil]ed ,ater : L : 2.000(0): 2.00(00:9.000001 18._: 18._

:Cleaning Fluid : L : 0.50000: 0.500_0: 1.00_00: O.$O000f 0.5000_:
:Distill_ Water : L : 2.00000: 2.0(0_)0: 1.00000:2.000001 2.00000:
IProteins : L ] O.LO0001 0.10000: 20.O00G: 2.00000:2.000001

:................................. +............................. +........ -_........ +......... +......... +......... +......... I
I Totals: : 34.6288: 34.7576:

: +......... +......... :
•:............................... +............................. +......... +......... +......... +......... +......... +......... ,,

:Ad.AutomatedDirectional

IOhemicaIVaporTransport

IElectromagnetic Levitator
:Float ZoneCrystal Gronth
l_ltip|e ExperimentProcessing

INorna] Freezing Furnace-I
lOrganic and PolymerCrystal

:Physical Vapor Transport of
IVapor Crystal GrowthSystem

:SeeiconductorNatl. : S : 0.07980: 0.630e0: 1.00000: 0.07880: 0.63080:
:_oiconductors : S : 0.02000: 0.10000: 2.00000: 0.04000: 0.20000:

:_tals and Alloys : S : 0.01_00: 0.10000: 6.00000: 0.07800:0.600001
:Silicon, Snicond. : S : 0.07880: 0.6Z080: 1.00000[ 0.07880: 0.6_080:

:Pletalsand Alloys _ S : 0.1_: 0.70000: 9.0(0)0):1.17000:6.300001

ISeniconductor_tl. : S : 0.07880: 0.6_: 1.00(001 0.07880: O._OBO:

:OrganicSolutions _ S I 0.45_: 0.43500:I.O00001 0.45700:0.43_01

:Orphic Soletim : S : 1.04250: 1.04250: 2.00000: 2.09500:2.085001
ISeaiconductors : S : 0.02000: O.lO000: 1.00000: 0.02000: 0.10000:

I ................................ +-........................ +......... +......... +......... +......... +......... +......... :
: Totals: : 4._640: 11.6124:

: GrandTotal : 4426.07: 52.3179;

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::



BATEkIALSREQUIREDBASEDON

SCENARIONUNBER6

I Materiel Requirements :

:................................ +......................... +......... ÷......... +....... +........ +.- + ,
: Facility ,' Material _ S=solid I Volume: Nass : Number : Haterial: Naterial:
: : I L:Liq_id: Per Run I Per Run : of I Volume: Nass I

: : : 6=6as I (liter) : (kg) : Rues I (liter): (kg) :
:............................. _ -+ + + + + + :

_Ad.AutomatedDirecti_al :&ir

Iid.AutomatedDirecti_al _kr_

:ElectroepitaxialCrystalGrovth :_

IHlghTemperatureAcoustic :GN2
INultipleExperimentProcessing _kir

_NultipIeExperimentProcessing _ir_

INultipleExperimentProcessing :Helium

INoraa]Freezing F_rnace-I _kir
:NormalFreezingFurnace-I :Argon

IThreeAxisAcoustlcLevitator _

G : 175.000_ 0.22400_ l.O0000f 175.000_ 0.22400:
: G _ 175.000: 0.31150: 1.00000] 175.000: 0.311501

: G _ SLOOOOf 0.00750: 6.00000: 498.000: 0.045001

: G : 90.0000: 0.11570: 0.00000: 0.000001 0.000001

: G : 175.000: 0.22400: 15.0000: 2625.00: 3.36000:
: G : 175.000] 0.-]1150: 15.0000_ 2625.00: 4.67250',
: G : 4.000001 0.00071: 15.0000: _.0000; 0.01065:

6 : 175.000: 0.22400: 1.000001 175.000: 0.224001
: 6 : 175.0001 O._llSO: 1.000001 175.0001 0.31150:

6 I 1.68000_ 0.00'299_ 2.0_: 3.360001 0.005981
i I
, ................................. _.............................. +......... +......... ÷..... _ ....... 4......... ÷......... ,

: Totals: : _511.36: 9.16513_

,: +.........+.........I

:.................................+...........................+....... +........+-........4..........+.........+.........:

:Ad.AutomatedDirectional

IAd.AutomatedDirectional

_Diffus_ve_ixing of Organic

IFluidExperimentSystem

_HovingWall(lectr_oresis Unit

:NultipIeExperimentProcessing

]NultipleExperimentProcessing

INormalFreezingFurnace-I

l_rmal FreezingFurnace-I

IProteinCrystal6ro,th-IV

:Cleaning Fluid _ L : 0.50000: 0._00001"1.00000: 0.50000: 0.50000:

_istilled Water : L : 2.00000: 2.00000: l.O0000: 2.00000: 2.00000:

:Organic Solutions : L _ 0.12880: 0.25760: l.O0000_ 0.12880: 0.25760:
:Nodal Fluids : L : 1.00000: 1.0_00: 1.00000: l.O0000: 1.00000:

:aiomaterial : L : 4.00_ 4.00000: 1.00000: 4.00000: 4.00000:

]Clelnin9 Fluid : L : 0.50000_ 0.50000_ 15.00001 7.50000: 7.50000_
:Oistilled Nter : L : 2.00000: 2.00GO0_ 15.000Of 30.0000: _0.0000|

:Cleaning Fluid : L : O.SOOOO:0.500001 1.00000_ 0.50000; 0.50000:
:Distilled Water : L : 2.00000_ 2.00000: 1.00000: 2.00000:2.000001

:Proteins : L : 0.10000: 0.10000_ 32.000_: 3.20000: 3.20000:
:'--- ............................. 4.............................. 4.......... 4.......... 4......... 4.; ........ 4.......... 4.......... I

: Totals: : _.02_ _.9576:

: +......... +.........:

:.................................+............................+.........+.........+.........+.........+.........+.........:

Ikd. AutomatedDirectional

IOheoical Vapor Transport
IElectromagnetic Levitator

IFloat ZoneCrystal 6rovth
l_ltiple Experiment Processzng

INormalFreezin9Furnace-I

;Organicand Po|ymarCrystal

:PhyslcalVaporTransportof
fVapor Crystal Grovth System

:SemiconductorNatl. : S : 0.078801 0.6,1080: 1.00000: 0.07880: 0.6_080:
:Semiconductors : S : 0.02000: 0.10000: 2.00000: 0.04000: 0.20000_

:Nutals and Alloys I S : O.Ol_O0: 0.10000: 6.00000: 0.07900: 0.6O000:
:Silicon, Semicond. : S : 0.07_01 0.630_0t 1.00000: 0.07880: 0.63080:
_Netals and Alloys _ S : 0.13000: 0.70000:15.00001 1.95000: 10.5000:
:SoniconductorMarl. ; S : 0.07890: 0.630110: 1.00000:0.078801 0.630801

_Or_mnicSolutions _ S : 0.45700_ 0.43_00_ l.O0000_ 0.45700_ 0.43500_

_Oqlmi¢ Sel_ims I S : 1.04250: 1.04250: 2.00000: 2.08500f 2.08500:
:Suimm_ctors : S _ 0.02000: 0.I_ I._0: 0.021300:0.I0000:

:............................... ---+ 4.......... 4.......... +......... 4.......... +......... 4.......... :
' Totals: ' 4.86640: 15.8124_I I

..... +........ +......... I

I Grand Tote] : 6567.06:75.93511
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NATERIALSREQUIREDBASEDON

SCENARIONUMBER7

_aterial _eq_irNents
................................. _............................. +........ +......... +........ 4-........ ÷---- ..... ÷......... I

Facility : _aterial : S=Solid : Volume:Nass : Nuber : Naterial: _aterial:

: : L:L_qe_d: Per RUn_ Per Run : of : Volume: Mass :

: G:Qas : (liter) I (kg) : Runs : (liter): (kg) :
. ................................ ÷............................. +......... +......... ÷......... +......... +......... +........
IAd.AutomatedDirectional :Air

iAd.AutoeateODirectional _krg_

IElectroepitaxialCrystalGrouth :_2

iHzghTe_eratureAcoustic IGN2

IHultipleExperimentProcessing :Air

]_ultipleExperimentProcessing :Argon

l_,_ltipleExperimentProcessing l_Iiuo
;_orealFreezingFurnace-! :Air

INorealFreezingFurnace-I JArgon

IThreekx_sAcousticLevztator :GN2

: G : 175.000: 0._4_: 2.00000_ ]50._0_ 0._4_0:

G _ JTS.O_: 0.31J501 2._ _SO.O00_ 0.623_
: S : 83.0000: 0.00750: 9.00000: 747.0001 0.06750:

: G : 90.0000: 0.I1570: 17.0000: 1530.001 1.9_90;
I G : 175.0_Of 0.22A00: 7.00000: 1225.001 1.568001

: G : 175.000: 0.31150: 7.00(_l 1225.00: 2.180501
S : _.00000: 0.00071: 7.0_eOO: 28.0000: 0.00497:

: G I L7S.O00: 0.22400: 2.00000: 350.OOG: 0.448001
) G : 175.0001 0.]1150: 2.0_00: _.000: 0.62]00:

: S : 1.68000:0.0_2_9; l.O0_eet 1.680001 0.002_91

:................................. +............................. +......... +......... +.... ÷......... +......... +......... I
', Totals: : 61_.68: 7.93286:

i +......... +......... t
:................................. +............................. +........ +....... +........ +......... +......... +......... :

IAd.AutomatedDirectional :¢lean_ngFluid

:kd.AutomatedOirectional :DistilledWater

IDJffus_ve _izing of Organic fOrganic Solutions
:Fluid ExperimentSystem :Nodel Fluids
INoving Wall Electrophoreszs Unit :8_o_ater_al
:HuJtiple Experiment Processing :CleanzngFluid

:_ltiple ExperimentProcessing :Distilled .ater

INor_I Freezing Furnace-I :C|nnzng Fluid
:Nor_l Freezing Furnace-I :DistilledWater
IProtein Crystal Grouth-IV _Proteins

L _ 0.500_ 0._0_0_ 2.00_: 1.00000_ I.O0000:

: L : 2.000_: 2.00000: 2.00000: 4.00000: 4.00000:
: L _ 0.12_0: 0.257(_ 3.00000_ 0._8640: 0.77280:

: L : l.O0000: 1.000_: 2.000_: 2.00000: 2.00000:
I L -: 4.00000: 4.0OOOO:].OOOOO: 12.0000: 12.0OOO:
: L I O.SO000: 0.50000: 7.000001 _.500001 3.50000;

I L : 2.00000t 2.0(_0: 7.0GO00: 1_.0000: 14.0000:
: L : 0.50000: 0.50000: 2.00000: 1.0_: 1.0_000:
I, L : 2.00000: 2.01_0: 2.00000: t.OOOOOf 4.00000:

: L : O.lOeeo:O.lOOee_ _l.O000; _.10000: _.lO000:
_................................. +............................. +......... +........ .+ .... . .... +......... ÷......... +......... :
: Totals: f 44,9_4_ 45._728f

: +......... +......... :
:................................+...........................+.........+....... +.........+.........+.........+.........I

:Ad. k, touted |irectio_l

ICheoical Vapor Tr_sport

:Electromagnetic Levitator
IFloat ZoneOrystml Grouth

:HultipleExperiment Processing
INoru] Freezing Furnace-[

lOrganic and PolymerCrystal
IPhysical Vapor Transport of

IVapor Crystal GrowthSystem

:SemiconductorMtl. _ S : O.07NO: 0.630_0: 2.00000: 0.I5760: L.26160:
_Semico_ductors _ S _ 0.020_ O.lO0(_ 6.00_0_ 0.12000_ 0.60000:

:Metals and Alloys : S : O.Ol_O0: 0.10000: 12.0000: 0.15600: 1.20000:
:silicon, suico_J. : S : o.o7_0: 0.6_o_e_ 3.ooo00_ o.2_4o_ 1.8724o:

:_tals and Alloys : S : O.l_O0: 0.70000: 7.00000: 0.91000: 4.90000:
:Se_ic_md.ctor Ilatl. : S : O.OT_O: 0.63080: 2.00000: 0.15760: 1.26160:

:Organic Solutions : S : 0.45700: 0.43500: 3.0_00: l._7lO0: 1._0_00:

:Org4micSolutio_ : S : 1.04250: 1.04250: 4.00000: 4.17000f 4.17000:
ISmico,d,ctors : S : O.020M: 0.10000: 2.00000f O.04000f 0.200001

:..............................."-+ +....... +....... +.........+.........+.........+.........I

I Totals: I 7._18_0_ 16.79061

I Grind Totml : 6_9._ 70._6]I



,,TeRIALSrEOOleeD.sEDo,
SCE , Io,u,Be e

: !
I hterizl Ruwiremonts ,
)I.................................+............................+.........+.........+".......+........+........+.........:

Facility : Material _ S:solid : Volume : Mass : Number : Materiall Materiall

I ........................ N..._÷

:kd. AutomatedDirectional :Air
Ikd. Automated Directional :Aroon

IEiectroepitaxial Crystal Grouth _GH2

:High Temperature Acoustic :SN2
ltluJtipIe ExperimentProcessing :Air
_,ultipleexperiment Processing :Argon
_HultipJeExperimentProcessing :Helium

:NormalFreezingFurnace-I :Air

INormalFreezingFurnace-1 :Argon

: L:Limid: Per RUn : Per RUn : of : Volume : ,ass :
G:_, : (liter) : (kg) : Runs :(Iiter): (kg) :

....... +........+...... +.........+.........+.........+.........:

: G : 175.000: 0.22400: 2.00000: _SO.O00: 0.44000:
: G ] t75.000: 0.31150: 2.00000: 350.000: 0.62300:
1 G : 8.1.M0: 0.00750: 12.0000: 996.000: 0.09000:
: G : _.0000: 0.11570: 17.0000: 1530.00: 1.96690:

: G : 175.0W: 0.22400: 13.0000: 2275.00: 2.912001

' S I 175.000: 0.31150: 13.0000: _75.00: 4.049501I

: G : 4.Ore)O: O.ONTI: 13.0000] _T_!.0000: 0.00923:

: G : 175.000: 0.22400: 2.ieO_:_.O00; 0.46800:
: G : 175.000_ 0.311._0: 2.0mOO: 350.000: 0.62300',
' G : I.(_IOW: O.Oa_MP: l.O0000: t.GBO00: 0.0029q::ThreeAxisAcousticLevitator :GN2

, ................................. ÷............................ +........ -+ ...... +-_ ..... .._..............
t I ! -I 0 I

, Totals: , 8529.68, 11.1,.6,
, +......... ÷......... I
!

,.................................. ÷........................ 4- ....... ÷....... ÷-.---_--÷ ......... ÷..................

:Cleaning Fluid : L : 0.50000: 0.50000: 2.00000: 1.00000: 1._000:
:Distilled Mater : L : 2.000_: 2.00_: 2.00000: 4.00000: 4.00000:

:Organic Solutions _ L : 0.12W0: 0.25760:3.000001 0.38640:0.772801
:Node1Fluids : L : 1.00_0: 1.00(_: 2.00000: 2.00000: 2.00(X)O;
:liematerial : L : 4.00000: 4.0_00: 3.00000: 12.0000: 12.0000:

:Cleaning Fluid : L : 0.50000: 0.50000: 13.0000: 6.50000: 6.50000:
:Distilled_mter : L : 2._000; 2.00000: 13.0000: 26.0000: 26.0000:

:Clwing Fluid : L : 0._000_ 0.500_: 2.000_: 1.00000: l.O0000:
:Distilled Water : L : 2.0_00: 2.0_00: 2.00000: 4.00000: 4.00000:

:Protein Crystal Growth-IV :Proteins : L : O.l_: O.lO0_: _.0_): 5.40000:5.400001
, ................ " .............. ...÷ ............................ ÷......... +........ ÷......... ÷......... ÷..................

I I I 7 I: Totals: , 62.2064, 62.6 20,

,, +......... +......... I
:.... +...........................+........_,...... +.........+.........+.........+.........,,

:kd. _temated |irectional :SemiconductorMall. : S : O.07NO: 0.6_0: 2.00000: 0.15760: 1.26160:

:ChemicalVapor Transport :Semiconductors : S : O.O'a_: 0.10000: 6.00000: 0.12000:0.600001

IElectroHgneticLevitator :lletalsand Alloys 1 S : O.Ol_O0: O.IO000: 12.0000:0.15600:1.200001

:Float ZoneCrystal Growth :Silicon, Selicond. : S : 0.078_: 0.6_0801 3.00000: 0.23640: 1.89240_
:Hultiple ExperimentProcessing :Metals end Alloys : S ] 0.13000: 0.70000: 13.0000: 1.69000: 9.I0000:

_,ormal Freezing Furnace-I :sonicondm_torNatl. : S : 0.070_: 0.63090: 2.0_00: 0.15760: 1.26160:
:Organic and PolymerCrystal :Organic Solutions : $ ] 0.45700:0.435001 3.00000: 1.37100: 1.30500:

'_Physica|Vapor Transport of :_r_ll_C _ : S : 1.04250:1.042501 4.000_: 4.17000: 6.17000',
IVapor Crystal Grouth System _soliroodllctdl_ : S : 0.02000: O.IO000: 2.00000:0.060001 0.200001
:...............................__ +-.......+.........+.........+.........+.........+.........,,

Totals: : 0.098601 20.9906:

: +......... +......... ,,

: Grand Total ; 8600.07: 94.8300:
•... =: : = :"'"=" :-: : :" .. :--: : :--:'-: =="" : : :'.=" .. ,"=: ===---: :=-:-= : = ='=::::" ==:-..-=--" : ="=":="" :--":: : : :='""=="= ,: : =-"-.=--.. : = : :. :-:-'-: : ..

:ad.AutomatedDirectional

]Ad. AutomatedDirectional

:DiffusiveNixingof Orgonic

IFIuidexperimentSystem

:_ving Wall[lectrophoresis_it

:,ultipleExperimentProcessing
:_ltiple experiment Processing

:NormalFreezing Furnace-I
]NormalFreezingFurnace-I

OF POOR QUAI.IT_



SCENAR]0N_NBE_

I = " " "" " = "" "" =" : = " "="== :'-="-= ="==== =" '= ""= == =" "-"" " = = "T," "" ,,== ===== ====.-= =-=''" $=.'=:== ==.'==.'"=="-'"= " = == "= =-'="-'= = =" .'= " =" "" " =T. = = "= !

, Illterial Requiremnts ,
; .

I................................. ÷............................. +-.... +........ +........ +......... +........ ÷......... I
: Facility : I_terial I S:Solid : Volume: Nass : N_mber: Haterial: Material;
: : I L:Liquid: Per Run: Per RunI of : Voluu : I_ss :
: : : S:Gas : (liter) : (kg) : Runs ; (liter): (kg) :
:............................. -_.......................... ÷......... 4-........ ÷........ ÷......... ÷........ +......... :
IAd. AutomatedDirectional :kir
Ikd. kutooatedDirectional :Argon
_ElectronpitaxialCrystal 6ronth :GH2
_HighTNperatureAcoustic _GN'2
:MultipleExperilentProcessing :Air
INultiple ExperimentProcessing ]Argon
l_ltiple Experi_.,nterocessin9 :Helium
]Norua]FreezingFurnace-I lair
:NormalFreezingFurnace-] _Argon
:ThreeAxiSACousticLevitator :GN2

: 6 :

: S :

: 6
: 6
: 6
: 6

175.080: 0.22400: i.OOOOO:175.000: 0.22400f
175.0001 0.31150: I._I 175.000: 0.311501
_1.00001 O.O07SO:6.000001 498.080_ 0.04500:
90.0000: 0.11570: 0.00808: 0.08008: 0.00000:
175.000: 0.22400: 11.0800: 1925.00: 2.46400:
175.000: 0.311SO_11.0800: 1925.00: 3.42650_
4.00000: 0.00071: ll.O000: 44.0000: 0.007811
175.000: 0.22400: 1.08000: 175.000: 0.22400:
175.000: 0.31150_ 1.08000: 175.000: 0.31150:
1.(_)080: 0.00299: 2.00000; 3._08: 0.00599:

,................................. ÷............................. +......... +......... +..... +........ -+........ +......... :
: Totals: I 5095._6: 7.02029:
: ÷......... +......... :
:................................. ÷............................. ÷......... +......... +-..... ÷......... ÷......... ÷......... :
:Ad. AutomtedDirectional
IAd. kutoNtedDirectional
:Diffusive Nixingof Organic
IFluid ExperimentSystem
H1ovingBall(lectrophoresisUnit
INultiple ExporilentProcessing
:Nultiple ExperiIBt Processing
INor|a] FreezingFurnece-|
IMar|al FreezingFurnace-]
_ProteinCrystal 6routh-IV

:CleaningFluid : L _ 0.50000: 0.50000: 1.00000: 0.50000:0.500001
:DistilledMater : L : 2.00000: 2.00000: 1.00008: 2.00000: 2.00000f
:OrganicSolutions : L : 0.12880: 0.25760: 1.08000: 0.12880: 0.25760:
:Node1Fluids : L : 1.00800: 1.00000: 1.00000: 1.00000: 1.00008|
:Bio-aterial : L : 4.00800_ 4.00000: l.O0000: 4.00000: 4.00008:
:CleaningFluid : L I 0.50000:0.500001 11.0000_ 5.50000: 5.5080_,
:Distilled water : L [ 2.00000: 2.00000: II.0000_ 22.0080: 22.0000{
:CleaningFluid : L : 0.50000:0.500001 1.00808: 0.50000: 0.50000:
:Distilled Mater : L : 2.00000: 2.00800: 1.08000: 2.00000: 2.00000:
:Proteins _ L : O.lO000: 0.10800_ 23.0008: 2._08e0: 2._0808:

.... :............................... ÷............................. 4-....... +......... ÷......... ÷....... ÷-... ..... +.. ....... :
', Totals: : 39._99: 40+.057_
: ÷......... ÷......... :
,,............................... ÷............................ ÷......... 4-........ ÷......... , ......... ÷......... ÷......... :
:Ad. _toRted Directional

:ChemicalVaporTransport
:Electro_gnetic Levitator
IFloat ZoneCrystal Gronth
:Multiple ExperiNnt Processing
INorlal FreezingFurnace-!
lOrganicand PolyanrCrystal

:SemiconductorIt, tl.
:Seeico_d,ctors
:HetalsandAlloys
:Silicon, Smicond.
:_tals andAlloys
_Senicoeductor_tl.
:Org_ic Solutions

:Physical VaporTransport of :Orbit SoIutiNs
:VaporCrystal 6rowthSYstN :Smiconductors

: S : 0.078e0: 0.630_: 1.00000_ 0.07_0: 0.63080:
: S : 0.02000: O.lO000: 2.00000: 0.01000: 0.20080:
: S : 0.01300: 0.10800: 6.00000: 0.07900: 0.60000:
: S : 0.07880: 0.6_080: l.O0000: 0.07890: 0._080:
: S : 0.13000:0.70000: 11.0800:1.43000:7.70000:
: S _ 0.07_10_ 0.63080_ 1.08000: 0.0_t10_ 0.630_0:
: S : 0.45700: 0.4_)0: 1.00000: 0.45700: 0.4_500:
: S : 1.04250: 1.04250: 2.000001 2._500: 2.08500:
: S : 0.02000: O.lO000: 1.00000: 0.02000: 0.10000:

Totals: f 4.3_40:I_.01241
÷......... ÷......... I

p



i ..................... N .... . ..... ÷

I Facility I

:AS. AutomatedDirectional IAir
IAd. AutNated Directional :Argon

:Electroepitaxial Crystal Growth :_2
:High TemperatureAcoustic :GN2
IMultiple Experiment Processing IAir

iMultipie Experiment Processing :Argon
:Hultiple Experiment Processing :Helium
:Norma!Freezing Furnace-I :air
iNorma| Freezing Furnace-1 :Argon
:Three Axis Acoustir Levitator IGN2

SCENARIONUMBERI0 •

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

NztudaI Ruquiremmts
....... ----4- .... 4--..... -+........ +......... 4'......... +......... :

Notarial : $=SOIid ] Volum : Nass : Number : Naterial: Naterial:
: L:Liquid: Per Run: Per Run : of ; VolumeI Nass :
: Q:Sas : (liter) : (kg) : Runs : (liter): (kg) l
F-..... +.... +-.....--+..... "--+........+........I

: G : 175.1)00: 0.224001 1.00000: 175.000: 0.224001
: 6 : 175.OQO: 0.31150: 1.00000: 175.0001 0.31150:
: i : 83.0000: 0.007501 6.00000l 499.000: 0.NSO0:

: G : 90.0000: 0.11570: 0.00000: 0.000001 O.00000:
: S : 175.000: 0.224001 18.00001 3150.00: 4.03200:
: S : 175.000: 0.311501 18.0000: 3150.00: 5.60700:

: G : 4.00000: 0.00071: 18.00001 72.001)0: 0.01278:
: S : 175.000: 0.22400: 1.000001 175.000: 0.22400:
: S : 175.000: 0.311561 l.O0000l 175.0001 0.)1150:
: S : l.gJO00: O.O02_l 2.000eel 3.7_,000: 0.005901

;................................. +........................... -+....... -+....... +-__.+ ...... +......... 4'......... ,,

:Ad. Automated Directional :Cleaning Fluid
:Ad. Automated Directional :Distilled later

;Diffusive Nixing of Organic :OrganicSolutions
:Fluid ExperimentSystem :Node|FLuids
lffoving WallElectrophoresisUnit :8icmterial
l_ltip|eExperimentProcessing ICleaningFluid

l_ultipleExperimentProcessing :Distilleduter

I#ormalFreezing Furnace-I :Cleaning Fluid

_Norma!Freezing Furnace-I :Distilled later
IProteinCrystalGrowth-IV IProteins

I................................. 4'

lad. Automated9irectima|
:Chemica]Vapor Transport

IElectromgnetic Levitator
IFloat ZoneCrystal Growth
:_Itip|e ExperimentProcessing
:NormalFreezing Furnace-L

_Organic andPolymerCrystal
IPhysical Vapor Transport of
_Vapor_rysta[GromthSystem

:Semiconductorintl.

:Semiconductors
:Netals and Alloys
:Silicon, Soticond.
:Metals and AlloTs
:SonicanductorItzt].

:Organic Solutions
:OrganicSol.ms
:Seoiconductms

I
t

Totals: : 7573.36:10.77381
4'....... 4'......... I

+.... .+. ..... +-_----+ ........ +...... +-...... :

: L 10.50000:0.5000011.00(0)0;0.5000010.50000:
: L : 2.000001 2.000001 l.O0000: 2.00000: 2.0_:
: L : 0.1_: 0.257_1 l.O0000: O.l_O: 0.257_I
: L : l.O0000: l.OOOOOl I.O0000: I.O0000: l._:
: L : 4.000001 4.00000: 1.00000: 4.00000:4.000001
: L : 0.500001 0.500001 15._1 9.000001 9.000001

: L : 2.00000: 2.l)OOOO:18._: _._: _._1
: L : 0.50000: 0.50000:1.000001 0.5_: 0.5_:
: L : 2.00000: 2.00000: l.O0000: 2.00000: 2.00000:

; L : 0.1_: O.l_: 35._: 3.50000: 3.5_;
.... .+--_._.+ ....... -+....... +......... +......... :

Totals: I _.6289:58.75761
4......... 4.......... I

_._......+.... +........4'.........+.........+.........,,

: S : 0.078801 O._Td)80: l.O000O: 0.078001 0.63080:
f S : 0.020001 0.100001 2.000001 0.040001 0.200001
l S : 0.013001 O.lO000:6.000001 0.078001 0.60000:
: S : 0.07880:0.6_101 l.O0000l 0.07880: 0.6_080:
: S : 0.130o01 0.700oo1 le.OOOO: 2._ooof 12.60oo:
: S : O.O?8SOI 0.630801 l.O0000: 0.07880: 0.6_080:

' $ : 0.45700_ 0.43500: l.O0000l 0.457001 0.43500:I

: S : 1.04250: 1.04250: 2.00000: 2.08500: 2.08500:
: S : 0.02000: O.lO000l 1.00000: 0.020001 0.I0000:
+--_-+ ..... +........ +......... +......... +----,:,-- I.......

Totals: : 5.25640:17.91241

O]_.IGI3,rAL PAGE IS
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MATEEIALSREOU]REDBASEDON

SCENARIONUMBERII

_ Ilater_al Requzrements I

I. ............................... +.......................... _ ......... _ ......... _ ......... _......... _ ......... _ .........

.' Facility ,' _teri,l _ S=Solid: Volume_ Hess _ Number T NaterzallHateria!l

: _ L:Li_zd_ Per Run _ Per Run _ of I VolumeI Nass

' ' _ g=Gas _ (ILter)_ (kg) : _ns : (liter): (kg) '| I

I..............................."-+ +........+.........+.........+.........+........+.........I

_ThreeA_z_AcousticLev_tator :1112
IAd._utomatedO_rectzonal _iir

l_d.AutomatedD_rectJona] {Argon
:E_e_troe_ita;ialCrystalGrowth :_2

IHighTemperaturekc_s_z_ _GN2

iHuIt_pIeExperi_ntProcesszng _klr

THuIt_p_eExperz_t Processing _Argon

Ieultipie£xperz_t Processing :_liue

INormalFreezing_urnace-I _kir

G _ 1.680001 0.00299: 2.00000: ].36000_ 0.005981

: g I 175.000_ 0.224001 7.00000: 1225.00: J.568001
' ,.00000_G , 175._0_ 0.31150_ _ ' 1225.00_ 2.18050_

G I 83.0000_ 0.00750_ _,00000_ 498.000_ 0.04500_

G _ _.0_0_ 0.115_0_ 0.00000_ 0.00000: 0.000001

: G : 17S.O00: 0._18_ 9,_575.001 2.016001
: G : 17s.ooo: O.3USO_ 9.Oeugr:'!_Ts.oo:2._o_sol

_orma_ FreezzngFurnace-! IArgon I G _ 175.0_ O._l,td):lO._J 1750.001 3.]15001

' ................................. +............................. 4'......... +......... +_._, -"_ ........ _ ........ +.........

Totals: : q637.3_I 1_.q8041
÷......... 4.......... I

' - ................................ ÷............................. ÷........ 4'......... 4'......... ÷......... ÷ ......... ÷......... I

iAd. AutomatedDzrect_ona]

IAd. AutomatedOjrectJona|

IDiffusiveHixingof Organic

_FIuJd£_per_mentSystem

IHultlp|eExperzmentProcesszng

INu|tzpleExperzmentProcesszng

]Hovin9gallEIe¢trophoresLsUnit

INorea!FreezingFurnace-I

INormalFreezingFurnace-!

IProteinCrystalGrowth-IV

:Cleaning Fluid : L : 0.50000] 0.50000: 7.00000: 3.50000: 3.50000:
:DJsti|led Water : L : 2.00000] 2.000001 7.00000: 14.0000] 14.00001

lOrganic Solutions I L : 0.128801 0.25760: 1_.0000_ 1.67A401 3.34880:
:NodeI Fluids _ L : 1.00000:I.O00001 14.00001 14.00001 14.0000[

:CleaningFluid _ L : 0.50_: 0._01 9.000001 4.5_00:4.500001
]Distilleduater I L I 2.00000:2.000001 9.000001 18.0000_ I8._t

:Biomaterial : L : 4.00000_ 4.00000: 2.00000:8.000001 8.00000]

ICIeanJngFluid _ L : 0.5_ 0.500001 10._I 5.000001 5.0_

:DLstHledWater I L I 2.00000:2.000001 I0.0000120.00001 20.00001

:Proteins I L I O.I_l 0.[0000] 16.00001 I._O_l [.600_

_................................. +............................. 4.......... ÷ ......... 4.......... 4.......... +-? ....... ÷-- ....... a_

', Totals: I 90.27441 91.9488:

I +.........+.........',

,_.................................+.............................+.........4..........+.........+.........+.........+.........,

IAd.AutomatedDirectional

IChemzcalVapor Transport

iEIectromagnetlcLev_tator

iFIoatZoneCrystalGrouth

IeuItipleExperi_nterocesszng

IHoraalfreezingFurnace-I

l_rganicand PolymerCrystal

IPhys_c_lVaporTransportof

IVaporCrvsta[GrowthSystem

:$emzconductorHail. : S : 0.07_0; 0.630801 7._0_: O.SSI60: 4.41560:

ISemzco_ductors : S I 0.02000: 0.I_: 28.0000: 0.56000:2,800001

:lletalsand Alloys I S _ 0.01300: O.IO_O; 3._000:0.039001 0.30000:

]Silicon,_,micoed. I S : 0.078_I 0.b30801 15.00001 1.182001 9.462001

INetals and Alloys _ S I 0.130001 0°78000] 9.00000: 1.17000:_.300001
:SenLconductorgat[. I S _ 0.07880:0.630801 10.0000: 0.78800_ 6.308001

lOrgan_c Solutions : S _ 0.45700: 0.43500: 10.0000: 4.$7000_ 4._5000_

lOrMmic Se|m_jm_ _ S : 1.04250: 1.04250] I3.0000l 13.5525] 13.55251
:_em_condm:ta,_l" : S _ 0.020001 0.10000: 12.0000: 0.24000:!.200001

I ................................ _ 4.......... 4.......... +......... +......... +........ "4..... " .... I

: Totals: : 22.6531: 48.6881:

I

_........e* ..... . ......... ..eeeeeeeeee.ele_eetlo_ee_e..e.o.. ..... e_e._..e.._e_lat.*.e..el.. ......... .e.le.te.....*.. ..... I

,' GrandTotal I 9750.2q_ 154.617;

I

ORIGINAL PAGE I$
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M_RIALS _OU]REDBASEDON
SCEN_ION_DER 12

................ J ,

HaterM| R_irelmts ,•...............................................................................................................
l F,ciiit,  te,iai  :::::S=SoiidVoI,. , tTr,al,a!er.ll

: , L:Li_id, Per Run , Per Mun , ot , vozuu , naGS :
: : G:Gas : (liter) : (kg) : Runs : (liter): (kg) :

+ i
................................. + ............................ + ......... + ........ ÷ ........ ÷ ......... ÷ .................. j

:_ : G : 1.68000: 0._299: 2._01 3.30000: 0.00598:Three Axis Acoustic Levitator
Ad.Automated Directional :Air

Ad. Automated Directiona! :Argon
iE]ectroepitaxhl Crystal Growth IGH2

iHigh TemperatureAcoustic IGH2
iHultipJe ExperimentProcessing IAir

:Argon
IHelium

IHuItiple ExperimentProcessing
!Multiple Experiment Processing

: G : 175.000: 0.22400:14.00001 2450.001 S.1S600:
: S : 17S.OOO:O._ZlSO:14.0000:2_SO.O0:4._6100:
: G : n.oooo: o.oo7so:6.ooooo:_._.oool O.OdSOO:
: S : 90.0000: O.llSTo:o.oooooio.ooooo:o.ooooo:
: S : ]75.000: 0.2240P: JPt,OOO0:_2450.00:3.1_6001

: G : 17s.ooo:_;Zz_o: l_.,eeoo1',_.,_.oo! 4._61oo:
: G ; 4.0ooo0:i,00#711PkO00_;_,OeO0, 0.0099_:

iNormat Freezing Furnace-1 lair : G : 175.000_ _.'_O0:tm9._.O01 4.4_0001

_NormalFreezing Furnace-I IArgon : G : 17_.000: _|1_: 20.0_0_._00.00:6.2_0001
,................................. +............................. +......... +......... +--_ ...... _ ..... +.........
i Totals. _; '_,_1TS57.41 25.764q:

÷i ................................. +............................ +......... +........ ÷......... ÷......... +.................. ,

:Ad. AutomatedDirectional ;Cleaning Fluid : L ) 0.50000: 0.50000: 14.0000: 7.00000: 7.00000:

TAd.AutomatedDirectional IDistilledWater

:DiffusiveMixingof Organic :OrganicSolutions

IFluidExperimentSystem IHodelFluids

IHultlpleExperimentProcessing ICleaningFluid

IHultipleExperimentProcessing IDistiIIedwater

IHovingWallElecZrophoresisUnit :Biomaterial

IHormalFreezingFurnace-I ICIeaningFluid

IHormalFreezingrurnace-i IDistiIledWater

: L I 2.000001 2.00000) 14.0000', 28.0000:28.00001

: L I 0.12880: 0.25760: 20.0000: 2.57600: 5.15200',
L I 1.00000: 1.00000: 25.0000: 25.0000: 25.0000:

: L : 0.50000: 0.50000: 14.0_0: 7.00000: 7.0_:

: L : 2.0OOOO: 2.00000: Ld.0OOO: 28.00001 26.0000_
: L : 4.00000: 4.00000: 2.00000: 8.00000: 9.00000:

) L : 0.50000: 0.50000: 20.0000: 10.0000: 10.0000',

I L 1 2.00000_ 2.000001 20.00001 40.0000_ 40.0000',

' L : O.lOOOO: 0.10(030:SO.O0_I 3.00000: S.O0000',IProteinCry_talGrowth-IV IProteins
i ................................. +............................. ÷......... +......... +......... +......... +.................. '

) Totals: : 158.576: 161.1521

) . +.........+.........:
,.............................._.............................÷.........+.........+.........+.........+.........+.........i

lad.kuto_tN Directional

:ChemicalVap(#Transport

IElectrolagneti¢L_itator

iF:oatZoneCrystalGrowth

IHultipIeExperimmtPr_essing

iNormalFreezingFurnace-I

IOrganicand PolymerCrystal

;hysicalVaporTransportof

ISeeiconductor Hatl. : S : 0.07880: 0.6_000: 14.0000: 1.10320:_.8_1201
:Semiconductors ) S : 0.02000:0.I00001 44.00001 0.880001 4.40000)

)Metals and ALloys : S I O.OL_O01O.lO0001 6.000001 0.0?8001 0.600001

:Silicon,Seuicond. : S : 0.07880:0.630_1 15.00001 1.18200: 946200)
:HetalsandAlloys I S : 0.1_0001 0.700001 14.0000; 1.8200019.80000:

ISeniconductor Hatl. : S f 0.07880: 0.6S080:20.00001 1.576001 12.bloOl

:Organic Solutions : S : 0.457001 0.4S500:18.00001 8.226001 7._3000)

:OrganicSolutions _ S : 1.04250: 1.04250:20.00001 20.8500: 20.8500)

Vapor Crystal Growth System ISemiconductors : S I 0.020001 0.10000: 21.0000: 0.42000:2.100001
................................. +............................. +......... +......... +......... +......... +......... +......... I

Totals: : $6.1S52: 76.48921
+ ......... + ......... I

Grand Total : 17552.1: 263.406:
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MATERIALSREQUIREDBASEOON

SCENARIONUMBER13

, Material Ru_iregents I

i ................................. +............... _........... +......... +......... +......... +......... +......... +......... i

Facility I Naterial I S=Solid I Volume I Nass I Number I Nateriall Haterial_
' I : L=Liquid] Per Run I Per Run I of I Volume I eass I

I : : G:Gas : (liter) : (kg) : Runs I (liter)l (kgl i

i ................................. +........................... +......... +......... +......... +......... +......... +......... I
IThreeAxisAcousticLevitator :Q_I2

IAd.AutomatedDirectional lair '

ik_.AutomatedDirectional :Argon

:Eie_troepitaxialCrystaiGrowth :GH2

IHighTemperatureAcoustic [GN2

INultipleExperimentProcessing lair

l_ItipleExperimentProcessing :Argon

IHultipieExperimentProcessing IHelium

INormalfreezingFurnace-I _/ir

iNoraa]FreezingFurnace-I IArg_

G I 1.68000:0.002991 16.00001 26.88001 0.047041
G I 175.000:0.224001 7.000001 1225.D01 1.568001

,.00000, 1225.001 2.180501: G : 175.000:0._11501 _ '
I G : 03.0000: 0.00750: 7.00000:581.0001 0.052501

: G : 90.0000: 0.I1570: 3.00000: 270.000:0.347101
S : 175.000: 0.22400: 5.O0000f 875.0001 1.120001

: G : 175.000: 0.31150: 5.00000: 875.000:1.557501
I G : 4.00000: 0.00071: S.O0000: 20.0000:0.003551

: G : 175.000: 0.22400: 8.00000: 1400.00:I.?q2001
: G : 175.000) 0.$11501 8.00000: 1400.00:2.4q2001

•_................................ +............................. +....... .-+ ......... ÷..... +........ +......... +......... :
Totals: : 7897.881 11.16101

: +.........+.........I
................................. +............................ _........ ÷......... +........ _......... +......... ÷......... :

:Ad.AutomatedDirectional :CleaningFluid : L : 0.50000: 0.50000: 7._0: 3._0:3.5_001

IAd.AutomatedDirectional IOistilledWater : L ] 2.00000: 2.00000: 7._: 14.00_: 14._00:

IDiffusiveHizingof Organi_ lOrganicSolutions I L _ 0.12_: 0.257601 I_.O0001 I._744013._4_:

:FluidExperimentSystem INodelFluids : L : 1.00000: I._: 6.0_: 6.000_: 6.00000l

iNuitiple ExperimentProcessing :Cleaning Fluid I L : 0.50000: 0.50000_ 5.00000:2.500001 2.50000:

:_ultiple ExperimentProcessing :Distilled water _ L : 2.000001 2.000GO: 5.00000_ lO.O0001 IO.O000[
INoving Wall E_ectrophoresis Unit :liomaterial : L : 4.00000_ 4.00000: 4.00000: 16.0000: 16.0000_
INoraaIFreezingFurnace-I :Cleaning Fluid : L : 0.50000: 0.50000: 8.000(0):4.000001 i._:

l_rual FreezingFurnace-i :DistilledWater : L : 2.00000: 2.00000:8._0001 16.0000:16.00001

:Protein Crystal Growth-IV :Proteins : L : O.lO000:0.100001 18.0000:1.800001 1.80000:
: ................................. +............................ +........ +....... +......... +......... +......... +......... :
I Totals: : 75.4744: 77.1488:
' +......... +......... I

I ................................. +............................. +......... +......... +......... +......... +......... +......... I

:Ad.AutomatedDirectional ISelic©m_ctorNatl. : S : 0.07_ 0.63_: 7.00_0_ 0.551601 4.41560:

IChemicalVaporTransport :Semiconductors : S : 0.02000: 0.10000: 14.0000:0.280001 1.400001

iEiectromegneti:Levitator INetalsand Alloys : S : O.Ol_O01 0.I0_: _._000: 0.05200:0._00001

i_loat ZoneCrystal Growth :Silicon, Semicond. I S : 0.07880: 0.6_080[ 45.0000:3.546001 28.38601

l_ultiple ExperimentProcessing :HetaIs and klIo_s [ 8 : 0.13000: 0.70000: 5.00000:0.650001 3.500001

iHorma]FreezingFurnace-I ISenic_ductor_tl. I 5 I 0.07_: 0.63_I 8.0(0)_I 0.63040:5.046401

iOrganicand PolymerCrystal lOrganicSolutioNs : 5 : 0.457001 0.43500:I2.00001 5.48400:5.220001

'PhysicalVaporTransportof formic _|mtiem : S I I.N2_: 1.042_I 16._01 I6.68_I 16.68001

IVaporCr_stalGrowthSystem l_¢omdmct_s I S : 0.02000: 0.I_ 12.00001 0.24000:1.200001

'...............................+- _.........÷.........+.........÷.........+.........+.........I

i Totals: I 28.1140:66.24801

I +......... +......... I
I

: GrandTotal I 8001.471 154.5581
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M_TERIALSREQUIREDB_SEDON

SCENARIO,NUHBER14 .

i _aterial Requirements '
_! ................................. + ............................. + ......... + ......... + ......... + ......... + .................. ,

_i Facility : Material :S=Solid: Volu. : ,ass l Number !Material Naterial)
, ' : I L:Liquid_Per Run I Per Run , of , Volume, Hess ,
! , : G:Gas : (liter) : (kg) : Runs : (liter): (kg))
; I #

................................. ÷ ........................... ÷ ........ + ......... ÷ ......... + ......... + ......... + .........

IThreeAxisAcousticLevitator :GN2

lad.AutomatedDirectional )kir

)Ad.AutomatedDirectional :Argon

IElectroepitaxiaICrystalGr_th IGH2

:HighTemperatureAcoustic IGN2

)HultipleExperimentProcessing IAir

IHultipleExperimentProcessing Ikrgon

'_uZt:)!eExperimentProcessing IHelium

iNorea_FreezingFurnace-i :Air •

: G I 1.68000: 0.00299:16.00001 26.8800:0.0478¢1

: G : 175.0001 0.22400:12.00001 2100.001 2.68800:

: G : 175.000) 0.31150:12.00001 2100.001 3.73800)
: G I $3.0(0)0:0.00750) 7.000001 501.0001 0.052501
' G I 90.00001 0.11570: ll.O000) 990.0001 1.272_01¢

I G I 175.0001 0.224001 12.00001 2100.001 2.688001
3.,J800,: G I 175.000:0.311501 12.0_01 210_.001 "" '

I G : 4.000001 0.00071: 12.9000:48T00001 0.00852)
I S I 175._01 0.22¢00: 16.0(0012B_O.O01 _.58A001

:Ho)maIFreezingFurnace-I :Argon I G : 175.0001 0.]11_I 16.000012800.00:4.084001
..................................+.............................+.........+........+...... -+.........÷.........+.........:

Totals: I 15645.91 22.80161

= +.........+.........)

;................................. + ............................. ÷ ......... + ......... ÷ ......... ÷......... ÷ ......... + .........

lad.AutomatedDirectional

iad.AutomatedDirectional

IDiffusiveHixingof Organic

IFiuidExperimentSystem

IHultipleExperimentProcessing

IHuItipleE_perimentProcessing

IMovingWallElectrophoreszsUnit

INormalFreezingFurnace-I

INoraalFreezingFurnace-I

)ProteinCrystalGrowth-IV

:Cleaning Fluid I L I 0.50000: 0.$0000: 12.0000: 6.00000: &.O0000:
:Distilled Water : L : 2.00000: 2.00000: 12.0000: 24.0000: 24.0000:

lOrganicSolutions : L I 0.12880: 0.25760:26.00001 _.]48801 6.69760:

IModelFluids I L I ].0_001 I.O00001 24.00001 24.00001 24.00_:

ICleaningFluid I L I 0.50_01 0.50000: 12.0000]6.000001 6.000_:

IDistilledwater I L _ 2.000001 2.00000] 12.0000124.00001 24.0000:

IBiomaterial : L : 4.00000: 4.00000: 4.00000:16.00001 16.0000_

:Cleaning Fluid : L : 0.500190: 0.50000:16.00001 8.00000:8.000001
IDistilledWater I L : 2.000001 2._ 16.00001 32.0000: 32.0000:

:Proteins I l I 0.I_001 O.I_l 34.00001 3.400001 3._0001
+ !.................................. + ............................ + ......... ÷ ....... ÷ ......... + ......... + ........ ÷ .........

) 150.0.8,Totals: : 14o.7491 o ,

)................................+.............................+.........+.........+.........+.........+.........+.........:

lad.AutomatedDirectional

iChemica]VaporTran_ort

)ElectromagneticLevitator

IFIoatZoneCrystalGrowth

ieultipleExperimentProcessing

NormalFreezingFurnace-I

Organicand PoIylmrCrystal

PhysicalVaporTransportof

IVaporCrystalGrowthSyst_

:SemiconductorNatl. : S : 0.07901 0.630B0: 12.0000) 0.94560: 7.5_%0:
)Semiconductors I S : 0.020001 0.100001 40.00001 0.980001 4.900001

:aetals and Alloys : S : 0.01301): 0.10000:8.000001 0.104001 0.800001

:Silicon,Semicond. I S : 0.078801 0.6_080: 45.0000:3.5A6001 28.38601

:eetals and Alloys ) S : 0.13000: 0.70000: 12.0000: 1.56000: 8.40000:
:SeniconductorNatl. I S I 0.078801 0.630_: 16._001 1.260_: 10.09289

:Organic Solutions : S : 0.457001 0.43500: 20.0000:9.140001 8.70000:
:Organic Solutioms ) S : 1.042501 1.042501 27.0000:28.14751 28.14751
:$eticoecl_tors I S I 0._0: O.lO_O: 19.0000:0.380001 I.OO000:

i
i" ............................... 4'--- ......................... + ......... ÷ ......... + ......... ÷ ......... ÷ ......... + .........

' Totals: : 46.0639: 98._959)

i +.........+.........I

I Grand Total : 15838.71 271.795:
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MATERIALS_EQUI_E_bA_E__#

SCENAR]8NUMBER15

'_ eater[alRequirements

.................................+.............................+.........+.........+.........+.........+.........+.........

Facility : _aterial I S:SolidI Volume: _ass : Humber : Materialleateria!

i : : L:Liquid_Per _un I Per Run : of I VolumeI _ass

! : : G=Gas : (lzter) : (kg) : Runs I (I_ter): (kg)
, ................................. ÷ ............................. ÷ ......... + ......... + ......... ÷ ......... ÷ ......... ÷ .........

'ThreeA_IsACousticLevitator )GN2

IA_.AutomateiDzrectional )Air

!Ad.Auto_e_ D_rectiona! IArgon

_Ele_troe_ita::alCrystalGrowth !GH2

IH_ghTemperatureAcoustic I$N2

_ui_ie ExperimentProcessing IAir

iMultipleE_perimentProcessing IArgon

_Hu_t_p|eE_perimentProce_szng THelium

_ormalFree:ingFurnace-i :Air

Hcyma! FreezingFurn_ce-I iAr_on

G I 1.680001 0.00299:2.000001 3.3bO00) 0.005_81

G I 17S.00018.22400:8.000081 !400.00] 1.792001

G I 175.O00T 0.311SOT 9.0(]000_1408.001 2._2001

G : 83.00001 0.887501 _.0_80:4_8.0081 0.04S001

G I _0.00_I 0.I15701 0._01 0.000001 0.000001

G I 175.800_ 0.224001 8.00000:J400.O01 1.7q2001
G I 175.0081 8.31150: 8.00000] 1400.001 2.maYO01
G _ 4.000001 0.000711 8.0gOOO_ _2.0000_ O.08S_
G I 175.000: 0.22400] 11.0_0_ 1925.001 2.4&4001
G : 175.0_I 0._II_: 11.8000:I_5.001 ;.42_501

.................................+.............................÷.........+.........÷........+.........+.........•.........i

Totals: I 9983._I I_.SIS2:

i.................................+.............................+.........+.........+.........+.........+.........+.........I

_Ad.AutomatedDirectional

:Ad.AutomateoDirectional

iD_ffuslveHHing of Organic

IFIuzdE_perzaentSystem

IHultipleExperimentProcessing
THultlpleE_perlmenTProcesslng

i_ovingWa!] EIectrophoreszsUnit

iNoraalFreezingFurnace-I

l_rmal FreezlngFurnace-I

iProteinCrystalGrowth-IV

:CleaningFluld I L I 8.50000; 0.50000:8.000001 4.00088:4.000001
IPlstiiJedgater I L i 2.088_ 2.0_ 8.0_I)0_ 16.88001 16.00001

lOrganlcSoLutions I L I 0.12880:0.257601 I].O0001 1.674401 3.348801
_HodeIFluids I l _ 1.000_I 1.080_: 16.0000_ [_.0000_ 16.0008_

:CleaningFluid I L : 0.58008: O.SO080: 8.00000:4.000001 4.00008:

IDistilled water : L : 2.000001 2.00000: 8.00000: 16.88801 16.0000_
IBiooateriaI _ L I 4.000001 4.00000_ 2.00000:8.000001 8.00000_

ICleaningFluid I L : 0.50000: 8.50000:ll.O0001 5.58000: 5.50000:
_Sistilled Water _ L _ 2.00000: 2.00000: II.O000_ _.00001 _.00001
IProteins : L I 0.18800: 8.10000: 18.0000: 1.80000:!.800001

!.................................+.............................+.........+.........÷.........+.........+.........+.........i

i Totals: ' 94.9744_ 96.64881
| ¢

: ÷......... +......... :
i ................................. +............................. ÷......... ÷......... +......... +......... +......... +......... f

Ikd.AutomatedDirectional

IChemicalVaporTransport

IElec_romagneticLevitator

!FloatZoneCrystalGrowth

fHultlp[eExperimentProcessing

'NormalFreezlngFurnace-I

i,_rganicand PolymerCrystal

_yH_al VaporTransportof
_VaporCrystal_ro_thSystem

ISemiconductorHaft. _ S : 0.07_8: 0.6_0; 8._01 0.650401 5.04_401

ISemlconductors : S : 0.02000: O.i_O0:24.00881 0.48000:2.400001

:_tals and kllo_s : S : 0.01500: 0.I0_0_ 6.08000: 0.07000:0.600801

ISilicon,_micond. I S I 0.07880: 0.63080: IS.O000:1.182001 9.462001

:_tais and alloys _ S _ 0.13_ 0.70000: 8.0_8: 1.04000:S.60_01

ISenlconductorNatl. : S I 0.07880: 0.650_: II.O0001 0.8668816.938881

:OrganicSolutions : S : 0.45700: 0.43500:II.O0001 S.02700: 4.78500:

;Organic Sa|utio_s _ S _ 1.04250_ 1.04250_ 13.0000_ 1_.55251 1_.5525T
:Semiconductors I S I 0.02000:O.IO0001 12.00001 0.248001 1.200001

i.................................+............................+........+.........+.........+.........+.........+.........i

I Totals: : 23.0%7:49.58471

I +......... +......... !

i GrandTotal I 10101.41 168.7491
I... .... o ............ ° ....... ....................................................................... ...... ..°.°.. ........ o°.l
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MATERIALSREQUIRE_BASEDDN

SCENARIONUMBER16

, HateriaI Requirements ,
:.................................+.............................+.........+.........+........,.........+.........+.........:

I Facility : Material I S:SolidI Volume : Mass Number : HaterialIMaterial:

! : { L:Liquid: Per Run : Per Run of I Volume : Mass :

: : : G=Gas I (liter) : (kg) Runs I (liter)I (kg) :
+ J!............................... --9 ............................. + ......... + ......... + ......... + ......... ÷ ..................

IThreeA_:sAcousticLevitator ISl12

IAd.AutomatedDirectional :Air

IAd.AutomatedDirectional Ikrgon

IEiectroepitaxialCrystaJGrowth IGH2

iHighTemperatureAcoustic IGN2

!MultipleExperimentProcessing lair

IMultipleExperimentProcessing Ikrgon

iHultipleExperinntProcessing IHelium

INormalFreezingFurnace-i :Air

!NormalFreezingFurnace-I :Argon

: G I 1.680001 0.002q91 2.00000: 3.36000: 0.005981

: G I !75.0001 0.224001 13.00001 2275.001 2.912001
I G : 175.0001 0.311501 13.0000: 2275.001 4.049501

: G I 83.00001 0.007_I 6.00000: 4°8.0001 9.045001

I G I 90.00001 O.IiSTOl 0.000001 0.00000: 0.000001

I G I !75.0001 0.22A00: 1S.O000: 2625.001 3.360001

: G I 175.0001 0.31150_ 15.0000_ 2625.001 4.672501
I G I 4.000001 0.0007I: L5.00_ 60.00001 0.010_51

I G I i75.0001 0.22400: 19.000013325.001 4.255001
T G : 175.0001 0.31150: 19.0000]3325.001 5.Q1850;

i.................................+.............................*.........4..........4,.........4........--+.........+.........i

I Totals: : 17011.4: 25.2301',
! 4.......... J' ......... I

!.................................+.............................+.........+.........+........+.........+.........+.........,

ikd.AutomatedDirectiona]

IAd.AutomatedOirectional

IOiffusjveMixingof Organic

IFIuidExperimentSystem

IM_ItzpleExperimentProcessing

:MultipleExperi_nt Processing

IMovingWallElectrophoresisUnit

NormalFreezingFurnace-I

NormalFreezing.Furnace-I

ProteinCrystalGrowth-IV

:CleaningFluid I L I 0.50000:0.500001 13.00001 6.500001 6.500001

IDistiIiedWater I L I 2.001)00:2.0000011_.00001 26.00001 26.00001

lOrganicSolutions I L I 0.128801 0.257601 20.00001 2.$76001 5.152001
IModelFluids I L I 1.000001 1.000001 29.00001 29.00001 29.0000:

ICleaningFluid T L I 0.500001 0.500001 15.000017.500001 7.50000:

IOistiiledwater I L I 2.00000:2.000001 15.00001 30.00001 30.0000:

:Biomaterial : L : 4.00000:4.000001 2.00000: 8.000000: 8.00000:

LGle!_'n[F._k_l. .... : L : 0.50000: 0.54)000: 19.0000:9.500001 9.50000:
:DistilledWater I L : 2._000_ 2.01)01)0:19.0000:38.0000: 38.0000:

IProteins I L I 0.10000:0.100001 29.00001 2.900001 2.900001

.................................+............................+.........+.........+.........+.........+.........+.........:

Totals: I 159.9761 162.5521

+.........4..........I

.................................+.............................4..........4,.........4,.........4,.........4..........+.........I

:kd.AutomatedDirectional :SemiconductorNatl. I S : 0.070801 0.&3000I 13.0000I 1.024401 8.20040:

IChemicalVaporTransport ISemiconductors I S : 0.020(0):0.100001 50.00001 I.O00001 5.000001

:ElectromagneticLevitator :Metalsand Alloys : S : 0.01300:0.100001 6.000001 0.078001 0.600001

iFloatZoneCrystalGrowth :Silicon,Semicond. I S I 0.070001 0.630801 15.00001 1.18200:_.462001

_MultipleExperimentProcessing :Mtals and Alloys I S I O.I_Ol 0.700(]0:15.00001I.QSO001 IO.SO001

'NormalFreezingFurnace-I IS_iconductor_tI. : S I 0.070_I 0.63080:19.00001 1.497201 11.Q8521

lOrganic and PolymerCrystal IOr_nic Solutioes I S I 0.457001 0.435001 18.00001 8.22600:7.830001

:Physical Vapor Transport of _|c _ : S I 1.04250:1.042501 21.0000:21.89251 21.89251
iVaporCrystalGrowthSystem C:_dicmdl_wS ' : S : 0.02000:0.100001 21.00001 0.420001 2.100001

: .......................... _- _......... + ......... 4,......... + ......... 4.......... + .........
i _:<: , , " '
, _: Totals: , 37.2701, 7/.5701,

, Grand Total , 17208.6, 265._52,
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.MATERIALS_QUIREOBASEDON
- SCENARIONUMBERI7

: " Naterial Requirements

I ................................. +............................. +....... +-"_'--"+ ......... +......... +......... ÷......... :
Naterial : S:Solid : VoIuM : Mass : Ruaber : Haterial: Bateriall; Facility I

i _._.#

:Three Axis AcousticLevitator _61(2
IAd. AutomatedDirectional :Air

lad. AutomatedDirectional :Argon
_Electroepitaxia] Crystal Growth _GH2

:High TemperatureAcoustic :GN2
IMultipie ExperimentProcessing lair

[Hultiple Experiment Processing :Argon
:Hultip|e ExperimentProcessing _HeJiua
iNornal Freezing Furnace-i :Air
INorma| Freezing Furnace-! :Argon

: L:Liquid: Per Run I Per Run : of I Vo]uim I Mass I
: G:Gas : (liter) { (kg) ; Runs _ (liter): (kg) ]
÷....... +........ ÷......... +......... +......... +.........

' G 1!

: G :
: G :

: G l
: G l
: G
: G
: G
: G l

1.68000: 0.00299: 16.0000: 26.8800: 0.04794:

175.000: 0.22400: 7.00OOO: 1225.00: 1.56800:
175.000: 0.31150f 7.00000: 1225.00_ 2.18050:
03.0000: 0.007501 7.00000: S81.O00: 0.05250:

90.0000: 0.115701 lI.O000: _0.0001 1.272701
175.000: 0.224001 6.000001 I050.00{ 1.344001

175.000{0.31150: 6.00000: 1050.00: 1.869001
4.00000_ 0.00071_ 6.0WO0_ 24.0000: 0.00426:

175.0001 0.22400: 7.000001 1_5.00: 1.568001
175.0001 0.11150: 7.00000: L225.00: 2.180501

Totals: I, 8621.88: 12.0873_
+......... +......... I

................................. ÷............................. ÷......... 4......... +......... +......... ÷......... +......... I

_Ad.AutomatedDirectional _Cleaning Fluid _ L _ 0.50000: O.SO00O_7.00000_ 3.50000_ 3.50000_
IAd. Autouted Directional _Distilled Mater _ L ] 2.00OOe_ 2.00000_ 7.00000_ 14.0000: 14.0000_

:Diffusive Mixing of Organic lOrganic Solutions l L : 0.12080:0.257601 13.0000:1.674401 3.34000;
IFluid ExperimentSystem ]Model Fluids : L : l.OOO00: l.O000Of 15.0000_ 15.0000: 15.000_

_Multiple ExperimentProcessing _Cleaning Fluid : L _ 0.50000{ O.SOOOOf6.00000f 3.00000: 3.00000f
JHultip|e Experiunt Processing fDistilled uater : L : 2.000001 2.000001 6.00000: 12.00001 12.0000:
:Noving Mall Electrophoresis Onit :iionteria] : L _ 4.0OOO0: 4.00000] 4.00000: 16.0000: 16.0000{

;Normal Freezing Furnace-L :Clelning Fluid . : L t 0.50000: 0.50000: 7.00000:3.500001 3.500001
_Nor.[ FreezingFurnace-I _Distilled l_ter _ " L _ 2_01_]-2.00000_ 7_ggO_ 14.0000_ 14.0000_

IProtein Crystal Grouth-IY _Proteins I L : 0.10000_ O.lO000_ 18.0000: 1.80000_ 1.80000

: + + + + + ÷ +
: ' Totals: :', 04.47441 06.14N
I ÷......... ÷.........

I ................................. ÷............................ +......... ÷........ +......... ÷......... ÷......... +.........
:kd. AutoaatedDirectional :SHiconductor Natl. : S : 0.078_0: 0._80:7.000001 0.55160: 4.41560:

]Cheaical Vapor Transport :Semiconductors : S ] 0.02_0: O.lO000:23.00001 0.46000: 2.30000:

_Electromagnetic Levitator _ffetals and Alloys _ S _ O.Ol;_O_ O.IO(MO_ 7.00000_ 0.09100: 0.70000_
:Float ZoneCrystal 6ronth :Silicon, Se|icond. : S : 0.07880:0._30801 45.0000: 3.54600_ 28.3860:
:Hultiple ExperiRnt Processing lffetals and Alloys : S ] 0.13000_ 0.70000: _.00000: 0.78000:4.200001

IMoroal Freezing Furnoce-I _Soniconductor Natl. : S : 0.07880: 0._3080: 7.00000_ 0.55160:4.415601
;Organic and PolyNr Crystal :Organic Solutions _ S _ 0.45700: 0.43500_ ll.00_0_ 5.02700: 4.78500_

IPhysicaJ Vapor Transport of :Oefmic _ : S : 1.0A250: 1.04250:15.00001 15.6375: 15.6375]
IVapor Crystal 6routh Systel J_tors " : S I 0.02000:O.IO0001 8.000001 0.160001 0.800001

............................. •--e_ +......... +......... +......... ÷......... ÷......... ÷......... I
Tara]s: _ 26.8047_ 6S.6397_

-_" " .... +......... ÷......... I

GrandTotal : 8733.16: 163.876:
!
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MATEEIALSREQUIREDBASEDON

SCENARIONUMBERIB

Nateria] Requirements

........... ..............i........... :n:i..........
I

IThree_xzs4¢oust$cLevitator :_2

IA_.Automa_e_Dzrecfional Ikir

IAd.AutomatedDirecfiona] Ikrgon

TE!e_troe_ita_ia]Cry_ta]Growth IGH2

IHzghTemperatureA(ousti: IGN2

iHulti_ieE_perimentProcessing _kir

iHuitipleE_periaentProcessing Ikrgon
i_uiti_leE_perimentProcessing IHeIium

iNormaIFreezmg Furnace-i lair

S=SolidI Volume',MASS ',Number IHaterialleateriaI',

L=L_quld',Per Run I Per Run I of I Volume', Hass I

G=GAs : (liter)I (kg) I Runs i ([iter)l (kg) I
..........•.........+.........+.........+.........+.........,,

G I 1.68000:0.002991 I6.0000126.88001 0.047841

I 175.000:0.22_001 I_.O0001 2275.001 2._12001

G I 175.0001 0.]I1501 13.00001 22_5.001 4.04%01
G I 83.00001 0.007501 ?.000001 581.0001 0.052501

G I 90.00001 0.115701 22.00001 lqSO.O01 2.545401
I G I 175.0001 0.22400:12.00001 2100.001 2.688001

: G : 175.000: 0.51150:12.00001 2100.00:_._8001
: G : 4.00000: 0.00071: 12.0000:..48.0000:0.009S2:

: G : 175.000: 0.22400:17.00001 2q75.001 3.80_001

:!4ormalFreezingFurnace-I IArgon I G I ITS.O001 0.311_I 17._: 2975.001 5.2%501
................................. ÷............................. +......... +......... ÷..... _.--+ ......... ÷......... ..........

TotAls: : 17_35.9__ "'

,kd. Autoiated Directional :Cleaning Fluid I L I 0.500001 0.500001 I3.00001 6.500001 6.500001
.6.0000, 26.00001lad.AutomatedDirectional IOistiIledlater : L I 2.00000{ 2.000001 I_.O0001 o ,

DzffusiveHixlngof Organic lOrganicSo[utions : L I 0.128801 0.257601 22.00001 2.8_601 5.667201

IrIJidExperimentSystem l_odeIFluids : L : I._: I.O0000: 23.0000: 2_.00_: 23.0000:

:HultipIeExperimentProcessing ICIean/ngF|uid I L I 0.50000: O.SO_Ol 12.00001 6.000001 6.00000:

,,,uztip]eE_perimentProcessing :Distfll_water : L I 2.000001 2.000001 12.0000: 24.0000: 24.0000:

IMovinggallEIectrophoresisUnit :B/omateriAl : L _ 4.000001 4.0_01 4.00000: 16.0000: 16.0000_

iNormalFrffzingFurnace-I :Cle_ingFluid : L I 0.50000: 0.50000: 17._: 8.50000: 8._:

l_rma] freezingFurnace-I _DistiIl_later I L : 2.00000: 2._: I7._001 _4.0_01 _4.00001

IProteinCrystalGrowth-IV :Proteins _ L : 0.I_: 0.I_: 33.0000: 3.300_[ _.300001
+ + + + + + + I

I Totals: I 150.1341 I52.%71

IAd.AutomatedDirectionAl :SeAiconductorHail. : S : 0.07880:0.630801 I_.0000:1.024401 8.200401

IOheaicaIVAporTransport ISeAzcon_ctors I S : 0.02000:0.I00001 42.0000[ 0.840001 4.200001

:ElectromagneticLevitator :_tals and Alloys I S : 0.01300: 0.I0000:8.000001 0.104001 0.800001

!floatZoneCrystalGrowth ISilicon,_,_llic_d. : S : 0.07_0: 0.63080: 45.0000: _.546_I 28.38601

:HultipleExperilentProcessing :_tals and Alloys : S I 0.13000: 0.7_ 12.00001 1.56000:8.400001

i_ormalFreezingFurnace-I ISeniconductor_tl. I S I 0.07880( 0.63080_ 17.00001 1.339601 I0.72361

l,)rganicand Po!ymerCrystal lOrganic_Iuti_s : S : 0.457001 0.43500:20.00001 9.140001 8.700001

:Physical Vapor Transport of lOrgAIIlC SeIitiems I S : 1.04250: 1.04250: 23.0000: 23.9775:23.q7751

;VaporCrystal Growth System ISe_ico_dectors I S I 0.02000: 0.I0000:20.00001 0.400001 2.000001
• I.................................+............................+.........+.........+.........+.........+.........+.........I

I Totals: I _1.93151 95._8751

I GrAndTotAl : 17527.91 27_.5001
i
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MATERIALSREQUIREDBASEDON

SCENARIONUMBER19

; _atorial Require_nts I

Naterial _ S:$olid : Volume: Nass _ Nuld)er _ Naterial_ _ateriall

I L:LJquid:Per Run I Per Run : of _ VolumeI Nass I
S:Gas I (liter) : (kg) ] Runs _ ([iter): (kg) I

÷......... ÷......... +........ +......... ÷......... +......... I

: Facilit_ :

_Three Axis Acoustic Levitator :GN2
:Ad.AutomatedDirectional :Air

:k_. AutomatedDirectiomal IArgon
:ElectroeNtanal Crystal 6routh :6H2

IHighTemperatureAcoustic :GN2

INultipleExperimentProcessing IAir

:MultipleExperimentProcessing :Argon

IMu|tip]eExperimentProcessing _He]ium

:NormalFreezingFurnace-i IAir

INormalFreezingFurnace-I Ikrgon

G
!, G

: G
G

: 6
G
GI

G
I G

G

J.68000_ 0.00299_ 2.00000_ _.36000_ 0.0059S:

: 175.000: 0.22400: ll.O000: 1925.00: 2.464001
: 175.0001 0._1150: 11.00001 1925.001 3.426501

8_.O000f 0.00750f 6.000001 4_.000; 0.04500:
90.0000: 0.11570_ 0.00000: 0.00000: 0.00000:

17S.OOOl 0.22400: ll.0OOO: 1925.00: 2.46400:

175.000: 0.31150: ll.OOOO: .1925.00: _.426501

4.000001 0.00071_ 11.00_ 44.0000f 0.007811
175.000: 0.22400: ,L7.0000: 21_5.001 _.808001

175.0001 O._ll_: lT.OOO0: 299'_.00:5.29550:

lad.AutomatedDirectional

IAd.AutomatedOirectiona|

TOiffusiveMixing of Organic
IFluid ExperimentSystem
:lluItiple Experiment Processing
IMultiple Experiment Processing

INoving WallElectrophoresis Ueit
:NormalFreezing Furnace-I

_NormalFreezing Furnoce-I

' ................................. ÷............................. ÷......... ÷......... ÷........ ,F--,,---_+ ......... +......... I
!

: Totals: : 14195.4: 20.9433:
' +......... ÷......... I

:CleaningFluid I L : 0.500001 0.50000: II._: 5.5_: 5.500001

IOistilledWater , L I 2.000001 2._ II.O000: 22._ 22.0000:

_Organic Solutions _ L : 0.12880_ 0.25760: 1_.0000: 2.0_080: 4.12160_
:Hodel Fluids _ L _ l.O0000f l.O0000:4_.00001 4_.00001 4_.01_

:CleaningFluid l L : O._O: 0.50000: II.0_: 5.50000: 5._QO00I

:Distilled water I L : 2.00000: 2.00000: 11.0000: 22.0000: 22.0000:
:Diomaterial _ L _ 4.000001 4.0_00_ 2.00000_ 8.000001 8.O0000f

:Cle_!_p9 Fluid _, l L : _._000: 0;__ _L.JJU:

IProteioCrystalGrowth-IV _Proteins f L _ O.I_¢ O.lO0@)l 23._f 2._ 2.30000_

I................................. +............................ +........ +........ +......... +......... +......... +......... :
1 ..... .... Totals: : 152.8_1_ l_.9'E2:

f +......... +......... I
:............................... +............................. +......... +......... +......... +......... +......... +......... :
:kd._utomat_ Directional :SemiconductorMarl. : S : 0.07_: 0.63_1 II._: 0.86680: 6.93880:

IChemicalVaporTransport ISeoicon_ctors : S _ O.O_ O.l_ 47._: 0.94000_ 4.700001

IElectro_gneticLevitator _tals and Alloys _ S _ O.Ol_ O.iO_O0: 6.000(0)_0.07800_ 0.6001)01

IFloatZoneCrystalGronth :Silicon, Semicond. I S : 0.0_: 0.6_: 15.0(00_ 1.18200: 9.46200:

IHultiple ExperimentProcessing :Hetals and Alloys I S : 0.130001 0.700001 11.0000: 1.4_000: 7.70000:
INormal Freezing Furnace-] _Sonicond_ctor Natl. : S : 0.07880T 0.63080: 17.0000: 1.339&0: 10.7236:

:Organic and Polymer Crystal lOrg_nic Solutions I S I 0.45700: 0.43500I 14.0000_ 6.398001 6.090001
IPhysical Vapor Transport of :Or_M_ SI_M.j_S _ S : l.OA250: 1.04250: 15.0000: 15.6375:15.6_751

IVaporCrysta|GrowthSyst_ _SHic_tlrs _ $ _ 0.02000_ 0.I0000: I_.O00(H 0.32_ 1.60_01
I _ --'.............+.........+.........+.........+.........+.........+.........I

/

I Totals: : 29.1919: 63.4519:

,' +.........+.........I

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

I 6rand Total I 14_76.4:239.3171
! !...... ...................... ....... ... .... ... .... ............................... ........... ................................
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MATERIALSREQUIREDBASEDON
SCENARIONJMBER20

Naterial Recuirelents I
................................. ÷............... _............. #......... ÷......... ÷......... ÷ ......... ÷......... +......... I

facility : Material : S:$olid : VolumeI Mass I Number : Material: Material:
: : L:Liquid: Per Run I Per Run : of : VolumeI Mass

: : G=Gas : (liter) I (kg) : Runs : (liter): (kg)
................................. ÷.......................... +......... +......... +......... +......... +......... +.........

Three Avis Acoustic Levitator :GN2
:Ad. Automated Directional Ikir

w,A,J. Automated Directional IArgon
iElect::e_it_.:i_ / _,ystal Growth IGH2

':HighTewperaturekco,Jstic IGN_
iMu;tip:e E_eriment Processing lair

IMultip:e EYperiment Frocessing :Argon
cM:;!tip!eE._perimentProcessing IHelium

iNormalFree..':ngFurnace-! Ikir

iNorma/_ree:;RgFurnace-] Ikrgofl

' G I 1.68000: 0.00299: 2.00000: 3.36000: 0.00598:I

G I 175.000:0.224001 16.0000: 2800.00:3.584001
I G : [?S.O00:0.311501 I6.0000: 2800.00:4.q84001

: G : 83.0000:0.007503 6.000001 4_.000: 0.04500:
G : 90.00001 0.11570: 0.00000:0.000001 0.000001

a.O_200,I G ' 175.0001 0.224001 18.00001 _150.001 " '
: G : 175._0: 0.31150: 18.0_0_ 3150.001 5.b07001

' O.Ok,8,: G : 400_I 0.000711 18.00001 72.0000, o" '
: G : 17S._01 0.224001 26.0_0: 4550.00: $.82_00!

I G I 175.000_ 0.31150: 26.001)01 4550.001 8.09_001
i ................................... _ °. ....... ..._ .... .. ....... .÷..... .... ÷..oQ... .... ÷ ......_÷.......--m÷m. ............... _ i

: Totals: : 21573.4: _.._o,'"_q""'
, +......... +......... :

................................. +............................. +......... ÷......... ÷......... +......... +......... +......... :

IA_.automatedDirectional ICleaningFluid : L 0.500001 0.50000: 16.0000:8.000001 8.000001

iad.AutomatedDirectional :DistilledWater I L 2.0_001 2.001)00116.0000132.00_I 32._001

IDiffusiveMixingof Organic lOrganicSolutions : L 0.12_01 0.257601 20.00001 2.576001 5.15200;

:FluidE_perimentSystem IHodeIFluids : L 1.0_I I._001 SO.O0_l 50.00001 50.00001

IMultipleExperimentProcessing ICleaningFluid : L 0.500001 0.50_0:18.00001 9.00000_ 9.0_03

IMuItipleZ,perimentProcessing :Distilledwater : L 2.00001):2.0_l)01 18.00001 36.0000; 36.00001

IMovzngWail£Iectrophoresis Unit IBiomaterial : L 4.00000:4.000001 2.00000: 8.00000: 8.00000:
:NormalFreezingFurnace-! :CleaningFluid : L 0.50000: 0.5_: 26.01)00113.00_: 13.0000_

INormalFreezingFurnace-! IDistilledWater I l _ 2.000001 2.1)0000126._0:52.00001 $2.00001

IProteinCrystalGrowth-IV IProteins _ L : O.IO000:0.100001 _S.O0_l 3.50000: 3.50000:

i.................................+.............................÷.........+.........+.........+.........+.........+.........I

: Totals: : 214.076: 216.652:
! +.........+.........I

' _ ÷ + ÷ * ÷ + i

IAd. Automated Directional ISemiconductor Natl. I S I 0.07880:0.630801 16.00001 1.2_0801 !0.0q281

!Chemical VaPor Transport :Semiconductors I S : 0.02000: 0.10000: 50.0000:1.000001 5.000001

:ElectromagneticLevitator _getalsand Alloys : S : 0.01300: 0.I0000:6.000001 0.078001 0.600001

:Float Zone Crystal Growth :Silicon, Semicond. I S _ 0.07880: 0.6_080:15.00001 1.182001 9.462001
IMultiple Ezperiment Processing lHetals and Alloys I S I 0.130001 0.700001 18.00001 2.340001 12.60001
INorwaJ Freezing Furnace-I :SeniconductorNatl. : S : 0.078801 0.630801 26.00001 2.048801 16.40081

_0rganic and PolymerCrystal 10rganicSolutions : S I 0.457001 0.435001 20.0000:9.140001 8.70000;
IPhysica] Vapor Transport of :0rganic Solutiems _ S I 1.04250:1.042501 21.00001 21.89251 21.892S:
IVapor Crysta: Growth System :SHiconductors I 5 : 0.02000:0.100003 25.00001 0.500001 2.500001

.................................. _ IIIIIIIIiliilIIIW'IIIIlilII _ Ii1111111 _ Illllilll _ ili''l'l" _ .... il--.I _ " ................. _ _1

i Totals: : 39.44211 87.24811

÷.........÷.........I
I..

I Grand Total I 21826.91 ooo.ug'_:
z ................................. ° .......... ..°..°...° ..... °.o..°.°o.... ............. o° .... . ...............................
f ............................................. 0--" ........... "-''''" .... --- ....... "" ..................... " .................. I
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SUMMARYOF SCENARIOSSF%THRUSFIO

: : I Gaseous: Liemid I Solid ) Tota! I Gaseous: LiQuid : Solid : Total :

Scenario Average I Average : Average :Logistic :Logistic :Logistic ILogistic :Logistic :Logisfi= ILogistic :Logistic :
Number Power : Theraa] : Oata )eass (kg):Hass (kg))Hass (kg):Mass (kg):vc!. (1) :Vol. (10 :Vol. (l) :Vol. (l) :

......... +......... +......... +......... +......... +......... +......... +......... +.........

4.542 _.544 i 2.266 I 19.2426 : 2.°0.42 I 1.50665 _311.16_2 22686

4.023
4.$3S
4._04

4.2!5
4.22_

4._23
6.787

4.024 I 1.982 : 22.273 : 310.47 : 1.58696 :334.2499
4.$38 I _.106 I 24.903 I 548._4 _ 3.01228 )576.7552
4.60_ : 3.205 I _7.3332 I 606.45 ) 3.01324 :646.7%4
_.216 I 2.243 I 18.q169 : 282.93 _ 1.50655 :303.2534

4.228 I I.Q13 I 22.2606 : 309.67 : 1.50695 1333.4455
4._11 : 2.88 ) 23.3g69 : 541.23 : 3.01222 :567.6391

4.625 I 3.3|4 I _b.396 : 589.27 : 3.01307 _628.67q0
6.79! I 2._83 ) 23.0262 I 335.27 : 1.50724 _359.81114

SF-!*

SF-2*
SF-3*

.SF-4*
SF-S*
SF-6*

.SF-7*

.SF-8*
SF-qs

SF-IO*

24973
29913
42670
22455

24958
28148
38745

25576

......... 4'......... +......... 4'

2_.42 :30.01167 :2_,006.43 I

_[0.47 30.012
675.9! 60.0223
733.52 60.0233
282.83 30.0115

309.67 30.012

668.3 60.0223

716.34 60.0231

_5.27 30.0123

:25313.48 :
:30648.93 :
:4346_.54 :
)22767.84 1

:25297.68 :
128876.32 1
:39521._6 I

:25941.28 )

4._58 4.861 : !.988 I 23.1601: 336.27: 1.50727:360.9373 25666I 336.27 30.0123 :26032.28:
4' + + * + + + + + 4' +

Average I 4.7_24 i 4.7344 : 2.576 125.09165 : 415.072:2.1092A_ :442.2728 : 28579 : 465._ 142.01627 129096.91 1
......... +......... 4'......... +......... +......... ÷......... ÷......... +......... 4'......... ÷......... +......... +.........

Standard :0.7316q3 10.7_253Q :0.524685 :_.138417:129.7827:0,737671 ;135.5813:6478.568:1ql.3512:14.70222:6654.135 :

......... 4'......... +......... 4'......... ÷......... ÷......... +......... +......... +......... +......... ÷......... ÷........

Haxle_n I 6.787 _ 6.7_1 ) _.314 I _7._332 _ 606.45 _ 3.01324 _646.7964 I 42670 _ 7_3.52 I 60.02_3 _43463.54 |

......... 4'......... +......... 4'......... +......... ÷......... ÷......... ÷......... ÷......... +......... +......... +.... T....
HinimumI 4.023_ 4._4 I 1.913) 18.9169:'_._ : I._S )_._) ) 22455I _.8t@F_O[]_ _767.04 )

) ......... 4'......... +......... + ......... +......... +......... +......... +........ +......... + ......... +......... +......... )

©F,, Pc)oK QUMA'L_



/"

SUMMARYOF SCENARIOS! THRU[0

' : : Gaseous: Liquid : Solid : Total : Gaseous: L£quid I Solid I Total :

Average : kverage :Logistic ILogistic _Logistic ILogistic :Logistic ILogistic ILogistic ILogistic :
Therta! : Data :eass (kg):flas_ (kg):Nass (kg):Rass (kg)IVol. (1)IVoI. (1) :Vo]. (]) :Vol. !1) :

.......... _ ......... ; ......... +......... ÷......... ÷......... + ......... + ......... +......... +......... ÷

!_.93 5.¢4787 : 34.7576 : 11.6124 :52.31787 : 4387.36 : 34.6288 : 4.0864 :4426.095LESS7

2.027:
4.0224

2._5_

2.0266
4.5!91

3.8:!I

2."45

2.142Q

Scenario Average
Number Power

i 2._

2 2.04_

: _.003o

4 :.713!

5 2.b)02

2.04c

:.%742

2.)0!I

!0 2.1_]8

!6.1q

24.)I

24.5¢

16._2

15.9%

2:.91

24.19

9.|6513 ) 50.9576 : 15.8124 :75.9351] : 6511.36 I 50.8208 I 4.8664 16567.055
7.q1786 I 45.4728 I 16.7906 170.181261 5990.68 I 45.0864 I 7._186 16043.0_5

!1.1651I62.7728 I 20.9906 : 94.9285 I8446.68 I 62._864 : 8.0986 18517.165

5.04987 I _4.7576 : 11.6124:52._1787 : 4389._6 : 34.6288 : 4.0864 )4426.075

9.!6513 ) 50.9576 : 15.8124 175.q_51; : 6511._6 I 50.8288 : 4.8664 :6567.055
_.0_286 ) 45._728 I 16.7906 170.09626 : 6156.68 : 44.0864 I 7.3186 16208.0%
!1.!726 : 62.6728 ) 20.9906 I 94.636 I 952%68 : 62.2864 I 8.0984 I_600.065

7.0202Q I 40.0576 ] 13.0124 :60.09029 : 5095.;6 : 39.9288 I 4.;464 15139.635
12.58 10.7_]8 I 58.7S76 I 17.9124 I 87.44_8 : 7573._ : 58.6288 ) 5.2564 17637.245

, - ........ ......... • ......... * ......... * ......... +......... ÷......... +......... +......... +......... +......... + ......... I

Average :._"21 : :.0_2_o I !_._01_ ;8.620851 148.65368 116.1_568 17_.40821 16358.988 _48.42!84 I 5.83428 16413.244 :
......... +......... +......... • ......... * ......... +......... +......... ÷......... +......... +......... +......... +......... I

)Standard )0.97_q00 10.859%5 14.586667 )1.898190:9.047700:3.194355:14.90099 I1419.135 _9.89.221311.587204 11430.128 [
_pevation! : I : I I I _ I I ) :

) ......... _......... +......... +......... +......... +......... +......... +......... +........ +......... +......... +......... )

I Ha_imunI 4.575_ I 4.SI_! : 24.58 I 11.I_26 I 62.7728 I 20.¢906 I 94.9285 I 852_.68 I 62.;864 I 8.0Q_6 18600.065 1
I......... +......... _......... +......... +......... +......... +......... +......... +......... +......... +......... +......... I
)Minimum : 2.04qI 2.0266) 12.58) 5.94787) 34._76 : 11.6124)_.Tr;I;7) 4387.36) _.6288 : 4.086414426.075)

) ......... +......... _ ......... _ ......... +......... +......... +......... ÷......... +......... +......... +......... +......... )



SUMN_RYOFTHESCENARIOS11 THRU20
/

I ) : : : Gaseous: Liquid I Solid i Total : Gaseous : Li_id : Solid I Total

IScenarioI AverageI AverageI AverageILogisticILogisticILogisticILogisticILogisticIL_istic ILogisticILogistic

I Number I Power I ThermalI Data :Mass(kg)IMass(kg)_Hass(kg):Nass(kg)IVo|.(I) :Vol.(1) TVol.(1) IVol.(I)
I ......... +......... +......... +......... +......... +......... +......... +......... +......... +......... +......... +..........

! !I 4.665 4._q?) 38.!2 13.98) 91.949I 48.688( 154.617: 9637.36: _.2744 : 22.6531)9750.287

i 12

) !3

I 14

: 15

: 16

1 17

I 18

) IO

) 20

4.633

4.95
• 4.996

4.804

4.566
5.315

5.106
6.307
5.321

4.517) 44.288

4.03 ) 35.235

4.OOl : 42.977

4._6 ) 39.218

4.56 I 44.611

5.34 : 33.393

5.13_) 42.966

6.313) S5.722

5.305 ) 52.616

i ...... °---4 ......... 4 ...... "''4 ...... o_.,

I Average: 5.0663 ) 5.0455 : 42.9146

25.765) 161.152I 76.489

!1.161',77.149I 66.248

22.802[ 150.0_ ) 98.8%

14.515) 96.649I 49.585

25.23 : 162.552 : ??.57
12.087 I 86.149 I 65.64

25.145 I 152.967I 95.308
20.Q43 I 154.922 I _3.452

263.406 : 17357.4

154.558 I 7897.88

271.796) 15645.9
160.749: fM_l._

265.352 I 17011.4

163.876: 9621.08

273.5: 17335.9

239.317I 14195.4

I 158.576 I 36.1352 :17552.11

75.4744 )_:_.i14 18001.468
146.749 ( _.0639 115838.71
94.9744 _ 23.0967 110101.43

: 159.976 I 37.2701 )17208.64 :

: 84.4744.: 26.8047 :8_.159 :
: 1_.134 I 41.9315:17527.% )

) 152.861 : 29.1919 114376.45 I

32.!94 { 216.6S2 : 87.248 336.094: 21573.4 : 214.076 I 39.4421121826.91 i

.......... +......... 4......... +......... +........ +......... +......... +......... I

20.3822 :135.0239 : 72.9204 )228.3265 113925.96 1132.7569 132.97032 :14091.71 :
I.........+.........+.........+.........+.........+.........+.........+.........+.........+.........+.........+........I

:Standard _0.485179 10.506519 16.702293 16.708961:42.56181 )16.54715:61.53193 {4391.397 _42.1S089 )7.813440 14438.912 :

:Devation: : : : : : : : _ : ) :
:.........+.........+.........+.........+.........+.........+.........+.........+.........+.........+.........+........:

I HaximunI 6.307 I 6.313 I 55.722 I 32.194 : 216.652 : 98.896 { 336.094 : 21573.4 { 214.076 : 46.0639:21826.91 :
:.........+.........+.........+.........+........-4.........+.........+.........+.........+.........+.........+........I

I ffinJzum I 4.566 I 4.517 I 33.393 _ 11.161 : 77.149 _ 48.688 ] 154.558 : 7897.88 _ 75.4744 : 22.6531:8001.468 {
I.........+.........+.........+.........+.........+.........4.........+.........4.........+.........4.........+.........:
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SUMMARYOF SCENARIOSSFI THRUSF10

AND SCENARIOSi THRU20
/

) I I I GaseousI Liquid I Solid I Total I GaseousI Liquid I Solid I Total I

_oglstzcILogJstic)Logistic'!Scenario Averagei AverageI AverageIL_isti¢ ILogisticILogisticILogistic'&ogzs,zc+ ' "

NuiDer Power I Ther|alI Data IHass(kg)IHass(kg)l_ss (kgjlHass(kg)_Vol.(l)

SF-I*

.SF-2*

ISF-3*

SF-4*

SF-S*

SF-'*

SF-9_

SF-_

SF-IO_

i

2

4

5

0

5

4.542
4.02;

4.8_5

4._04

4.215

a.227

4._2_

6.787
4.858

2.68

2.04Q

4.08_q

3.:131

2.6802
2.04Q

4.5758

;._742

4.544
4.024

4.838
4.606
4.216
4.228

4._!i
4.625

6.791

4.861

2.6557
2.027_

4.0224

_.6703

2._56
2.02_6

4.5181
S.8311

2.266

i.982

3.106

3.205

2.245

l.n!_

2._8

_.'14

2.883

1.q88
!6.73

16.1_

24.S1
24.58

16.$2

15.996

25.75

24.19

.......... ÷ ......... + ......... , ......... + ..........

19.2426

22.27S

24.903

37.3552

18.91@

22.2686

2_._96°

_6.$96

2_.0262

23.1601

5.04787
g.16515

7.91786
11.1651

5.q4787
9.1651_

7.9_286

11.1126

290.42

li0.47

548.84
606.45

282.85
_09.67
541.2S
$89.27

_35.27
336.27

34.7576
50.9576

45.4728
62.7728

$4.7576

50.9576
45.3728

62.6728

1.50,465 1511.1692) 22686

1.50696I)S4.2499I 24_78

S.01228 1576.7552) 29915

S.01_24 1646.7964 I 42670
1.50655 1303.25_4 I 22455

1.50695:SS_.A4S5) 24o5_
_.012221567.6_91I 28148

LOIS07 1628.6790I $8745

1.50724 _359._34 _ 25576
1.50727 1360.9375 : 25666
11.6124 152.]1787 I 4587._6

15.8124 175.9151_I 6511._6

16.7906 170.18126 I 5990.68

_.9_06 I q4.9205 ) 8446.68
11.6124 152._1787 I 4387._

-15.8124:75.9_51_ : 6511._6

16.7906 170.09626 I 615e.68
20.9906 I 94.8]6 [ 8520.68

2.80_I

_0 I 2.1638

II : 4.665

12 ) 4.655

11 I 4.95

14 : 4.q96

15 1 4.804

16 I 4.56_

17 I S.;15

18 I _.!06

19 1 6.S07

Vol. _I)Ivol. (!))Vol. (I) I

290.42()0.0116782]00_.42

_!0.4") _0.0i212531_,:_

675.91 [ 60.022_ )30648.93

933.52 ) 60.02_3:43463.54

282.8S ) 30.01151229C.?a
30".67I S0.0128252_.b$

668._ I 60.022312887c.Z2

716.34 : 60.0251:3952!.C:
335.27 I 30.0123:25941.2?
_6.29 ': _0.0123:260_2.28

34.6288 : 4.0864 14426.075

50.8288 I 4.8664 16567.055
45.0864 I 7.]!86 16043.085

62.3864 I 8.0986 18517.t65
34.6288 I 4.0864 14426.075
50.8288 : 4.8664 16567.055
44.9864 I 7._186 16208.985

.62.2864 I 8.0986 18600.065
]9.9288 I 4._464 _5139.615

) _'.6_ t 5.2_I 17637.245

I 90.2744 I 22.65_1 I9750.2_7
15_.576 ) S6.1_52 )17552.11

: 75.4744 { 28.114 18001.468
: 146.749 : 46.06_¢ :158_8.7]

: 94.9744I 2L0%7 )I0101.4_

I 15_.976I $7.2701117208.64

I 84.47A4 : 26.8047:8733.159
: 150.134I41._315117527.96

2.7745 !_.39 7.02029I 40.0576I I].0124:60.0_ I 5095._

2.1_ _ 12._ l-If._)_.)%'P6 )17.gIE4 _ _.44_ _ 757_.]_
4.697 : )8.12I 1].90 : 91.949 : 48._ [ 154.617)9637.36

4.517 I 44.288 I 25.765 ) 161.152 I 76.489 ) 263.406 I 17357.4

a.n3 [ _5.235 I 11.161 ) 77.149 I 66.248 I 154.558 ) 7_7.89
4.q_1 I 42.477 I 22.802 _ 150.098 I 98.896 [ 271.796 I 15645.9
4.666 I 39.218 [ 14.515 [ 96.649 I 49.585 I 160.749 I 998].]6

4.56 : 44.611) 25.25 I 162.552 ) 77.57 I 265.]52 ) 17011.4

5.34 ) _S.395 I 12.087 : 86.149 : 65.64 : 165.876 : 8621.88

5.I_6 : 42.966 : 25.145 : 152.967 I 95.$88 : 273.5 ) 17_$5.9

6.SI_ : 55.722 : 20.943 ) 154.922 : 63.452 : 239.317 I 14195.4 : 152.861 : 28.1919 114376.45

20 I 5.$21 5.S05 I 52.616 I _2.194 : 216.652 87.248 _ Z_.O_4 I 21573.4 I 214.076 I _9.4421 221826._1 ,
i......... + ......... + ......... + ......... + ......... + ......... + ......... + ......... + ......... + ......... + ......... + ......... ,

) Average)4.28863614.270796I 21.4514115.081_ )I_._I 1]0._777 8248._5 116287.99)215.@29 126.940291165_0.621

i......... + ......... + ......... + ......... ÷ ....... ÷ ......... ÷ ......... + ......... ÷ ......... + ......... + ......... + .........

)Standard11.12%08 )I.IS74_ I17._7 I|:-_37 1175.2494132.127011174.1664II0505.778212.8782)18.15520)I0519.77(

:Devation) ) :. 1 : : : : : I : )
I

......... + ......... + ......... ÷ ........ ÷ ....... ÷ ......... ÷ ......... ÷ ......... + ......... + ......... +......... + ......... ;

I Haxigun I 6.787 I 6.791 I 55.722 I _7._J32 I 606.45 _ 98.896 1646.7964 I 42670 I 7]S.52 I 60.02]3 _41463.54 1
).........+.........+....... +.........+-.... +.........+.........+.........+.........+.........+.........+.........i

] Hinimum ) 2.049 I 2.0266 : 1.913 : 5.94787 : 34.7576 : 1.50655 )52.)1787 I 4887.86 : _4.6288 : 4.0864 :4426.075 I

I.........+.........+.........+.........+.........+.........+.........+.........+"-'.....+.........+.........+.........I

* THESESCENARIOESWEREPERFORHEDUSINGTHE_PF D_TA.ALL OTHERSHEllEPERFO_D USINGEXISTINGgPSHARDWARE.
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